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TITLE OF THE INVENTION 
ESTROGEN RECEPTOR MODULATORS 

BACKGROUND OF THE INVENTION 
5 Naturally occurring and synthetic estrogens have broad therapeutic 

utility, including: relief of menopausal symptoms, treatment of acne, treatment of 
dysmenorrhea and dysfunctional uterine bleeding, treatment of osteoporosis, treatment 
of hirsutism, treatment of prostatic cancer, treatment of hot flashes and prevention of 
cardiovascular disease. Because estrogen is very therapeutically valuable, there has 

10 been great interest in discovering compounds that mimic estrogen-like behavior in 
estrogen responsive tissues. 

For example, estrogen-like compounds would be beneficial in the 
treatment and prevention of bone loss. Bone loss occurs in a wide range of subjects, 
including women that are post-menopausal or have had a hysterectomy, patients who 

15 were or are cuixently being treated with corticosteroids, and patient's having gonadal 
dysgenesis. The current major bone diseases of public concern are osteoporosis, 
hypercalcemia of malignancy, osteopenia due to bone metastases, periodontal disease, 
hyperparathyroidism, periarticular erosions in rheumatoid arthritis, Paget's disease, 
immobilization-induced osteopenia, and glucocorticoid-induced osteoporosis. All of 

20 these conditions are characterized by bone loss, resulting from an imbalance between 
bone resorption, i.e. breakdown, and bone formation, which continues throughout life 
at the rate of about 14% per year on the average. However, the rate of bone turnover 
differs from site to site, for example, it is higher in the trabecular bone of the 
vertebrae and the alveolar bone in the jaws than in the cortices of the long bones. The 

25 potential for bone loss is direcdy related to turnover and can amount to over 5% per 
year in vertebrae immediately following menopause, a condition which leads to 
increased fracture risk. 

In the U.S., there are currently about 20 million people with detectable 
fractures of the vertebrae due to osteoporosis. In addition, there are about 250,000 hip 

30 fractures per year attributed to osteoporosis. This clinical situation is associated with 
a 12% mortality rate within the first two years, while 30% of the patients require 
nursing home care after the fracture. 

Osteoporosis affects approximately 20 to 25 million post-menopausal 
women in the U.S. alone. It has been theorized that the rapid loss of bone mass in 

35 these women is due to the cessation of estrogen production of the ovaries. Since 
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Studies have shown that estrogen slows the reduction of bone mass due to 
osteoporosis, estrogen replacement therapy is a recognized treatment for post- 
menopausal osteoporosis. 

In addition to bone mass, estrogen appears to have an effect on the 
5 biosynthesis of cholesterol and cardiovascular health. Statistically, the rate of 

occurrence of cardiovascular disease is roughly equal in postmenopausal women and 
men; however, premenopausal women have a much lower incidence of cardiovascular 
disease than men. Because postmenopausal women are estrogen deficient, it is 
• believed that estrogen plays a beneficial role in preventing cardiovascular disease. 
10 The mechanism is not well understood, but evidence indicates that estrogen can 
upregulate the low density lipid (IDL) cholesterol receptors in the liver to remove 
excess cholesterol. 

Postmenopausal women given estrogen replacement therapy 
experience a return of lipid levels to concentrations comparable to levels associated 
15 with the premenopausal state. Thus, estrogen replacement therapy could be an 

effective treatment for such disease. However, the side effects associated with long 
term estrogen use limit the use of this alternative. 

Also, the estrogen receptor ligands of the present invention can have 
utility as an anti-depressant, especially when the depression results firom an estrogen 
20 deficiency. 

In models, estrogen has been shown to have beneficial effects on 
cognitive functioning, such as relieveing anxiety and depression and treating and/or 
preventing Alzheimer's disease. Estrogen affects the central nervous system by 
increasing cholinergic functioning, neurotrophin and neurotrophin receptor 

25 expression. Estrogen also increases glutamergic synaptic transmission, alters amyloid 
precursor protein processing and provides neuroprotection. Thus, the estrogen 
receptor modulators of the present invention could be beneficial for improving 
cognitive functioning. 

Specifically, estrogen receptor beta (ERp) selective agonists would be 

30 . usefiil in the treatment of anxiety and/or depressive illness, as either a single agent or 
in combination with other agents. Clinical studies have demonstrated the efficacy of 
the natural estrogen, 17p-estradiol for the treatment of various forms of depressive 
illness. See Schmidt PJ, Nieman L, Danaceau MA, Tobin MB, Roca CA, Muiphy JH, 
Rubinow DR. Estrogen replacement in perimenopause-related depression: a 

35 prelimdnaiy report. Ani J Obstet Gynecol 183:414-20, 2000; and Soares CN, Almeida 
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OP, Joffe H, Cohen LS.EfFicacy of estradiol for the treatment of depressive disorders 
in perimenopausal women: a double-blind, randomized, placebo-controlled trial. Arch 
Gen Psychiatry. 58:537-8, 2001; which are hereby incorporated by reference. Bethea 
et al (Lu NZ, Shlaes TA, Gundlah C, Dziennis SE, Lyle RE, Bethea CL. Ovarian 
5 steroid action on tryptophan hydroxylase protein and serotonin compared to 
localization of ovarian steroid receptors in midbrain of guinea pigs. Endocrine 
1 1 '251-^1, 1999, which is hereby incorporated by reference) have suggested that the 
anti-depressant activity of estrogen may be mediated via regulation of serotonin 
synthesis in the serotonin containing cells concentrated in the dorsal raphe nucleus. 
10 • It is believed by some in the field that the physiological responses to 

estrogen are generally mediated via a series of biochemical events initiated by a 
selective, high affinity interaction between estrogen and an estrogen receptor. There 
are two estrogen receptors, ERa and ERP, and there is co-localization of ERP (and 
not ERa) in the serotonin containing cells of the rodent raphe nucleus. Using ERP 
15 selective compounds, estrogen increases transcription of the tryptophan hydroxylase 
gene (TPH, the key enzyme in serotonin synthesis) via an ERp mediated event. 
Potential ERp selective agonists can be tested in a rodent model of depression by 
methods familiar to those skilled in the art, for example in a forced swim assay. 
Likewise, potential ERP selective agonists can be tested in a rodent model of anxiety 
20 by methods familiar to those skilled in the art, for example a guinea pig pup 
vocalization assay and the resident intruder assay. 

Other disease states that affect postmenopausal women include 
estrogen-dependent breast cancer and uterine cancer. Anti-estrogen compounds, such 
as tamoxifen, have commonly been used as chemotherapy to treat breast cancer 
25 patients. Tamoxifen, a dual antagonist and agonist of estrogen receptors, is beneficial 
in treating estrogen-dependent breast cancer. However, treatment with tamoxifen is 
less than ideal because tamoxifen's agonist behavior enhances its unwanted estrogenic 
side effects. For example, tamoxifen and other compounds that agonize estrogen 
receptors tend to increase cancer cell production in the uterus. A better therapy for 
such cancers would be an anti-estrogen compound that has negligible or nonexistent 
agonist properties. 

Although estrogen can be beneficial for treating pathologies such as 
bone loss, increased lipid levels, and cancer, long-term estrogen therapy has been 
implicated in a variety of disorders, including an increase in the risk of uterine and 
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endometrial cancers. These and other side effects of estrogen replacement therapy are 
not acceptable to many women, thus limiting its use. 

Alternative regimens, such as a combined progestogen and estrogen 
dose, have been suggested in an attempt to lessen the risk of cancer. However, such 
5 regimens cause the patient to experience withdrawal bleeding, which is unacceptable 
to many older women. Furthermore, combining estrogen with progestogen reduces 
the beneficial cholesterol-lowering effect of estrogen therapy. In addition, the long 
• term effects of progestogen treatment are unknown. 

En addition to post-menopausal women, men suffering from prostatic 
10- cancer can also benefit from anti-estrogen compounds. Prostatic cancer is often 
endocrine-sensitive; androgen stimulation fosters tumor growth, while androgen 
suppression retards tumor growth. The administration of estrogen is helpful in the 
treatment and control of prostatic cancer because estrogen administration lowers the 
level of gonadotropin and, consequently, androgen levels. 
15 The estrogen receptor has been found to have two forms: ERa and 

ERP. Ligands bind differently to these two forms, and each form has a different 
tissue specificity to binding ligands. Thus, it is possible to have compounds that are 
selective for ERa or ERj3, and therefore confer a degree of tissue specificity to a 
particular ligand. 

20 What is needed in the art are compounds that can produce the same 

positive responses as estrogen replacement therapy without the negative side effects. 
Also need are estrogen-like compounds that exert selective effects on different tissues 
of the body. 

The compounds of the instant invention are ligands for estrogen 
25 receptors and as such may be useful for treatment or prevention of a variety of 
conditions related to estrogen functioning including: bone loss, bone fractures, 
osteoporosis, cartilage degeneration, endometriosis, uterine fibroid disease, hot 
flashes, increased levels of LDL cholesterol, cardiovascular disease, impairment of 
cognitive functioning, cerebral degenerative disorders, restinosis, gynacomastia, 
30 vascular smooth muscle cell proliferation, obesity, incontinence, depression resulting 
from an estrogen deficiency, and cancer, in particular of die breast, uterus and 
prostate. 
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SUMMARY OF THE INVENTION 

The present invention relates to compounds of the following chemical 

formula: 




. 5 wherein X is selected from the group consisting of: O, N-OR^, N-NR^Rb and Ci_6 
alkylidene, wherein said alkylidene group is unsubstituted or 
substituted with a group selected from hydroxy, anodno, 0(Ci.4alkyl), 
NH(Ci^alkyl), orN(Ci_4alkyl)2; 
Y is selected from the group consisting of N and CR^; 

10 Z is selected from the group consisting of N and CRf; 

r1 is selected from the group consisting of hydrogen, Ci.6alkyl, C2-6alkenyl, and 
C2.6alkynyl wherein said alkyl, alkenyl and alkynyl groups are either 
unsubstituted or substituted with a group selected from OR^, SR^, 
NRbRC, C(=0)R<=, C(=0)CH20H, bromo, 1-3 chloro, 1-5 fluoro or 

15 phenyl, wherein said phenyl group can either be unsubstituted or 

substituted with a substituent selected from the group consisting of Cj^ 
4alkyl, OH and 0(Ci.4alkyl); 
r2 is selected from the group consisting of hydrogen, hydroxy, iodo, 0(C=0)RC, 

C(=0)RC, C02R^, Ci.6alkyl, C2>6alkenyl, and C2_6alkynyl, wherein 

20 said alkyl, alkenyl and alkynyl groups are either unsubstituted or 

substituted with a group selected from OR^, SR^, NR^RC ,C(=0)RC, 
C(=0)CH20H, or phenyl, wherein said phenyl group can either be 
unsubstituted or substituted with a substituent selected from the group 
consisting of Ci^alkyl, OH and 0(Ci^aIkyI); 

25 or r1 and r2, when taken together with the carbon atom to which they 

are attached, form a caxbonyl group; 

or Ri and r2, when taken together with the carbon atom to which they 
are attached, form a C3-7 cycloalkyl or 3.7 heterocycloalkyl ring, 
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wherein said ring is either unsubstituted or substituted with a group 
selected from Ci^ alkyl, OH, 0(Ci^ alkyl) and oxo; 
or r1 and r2, when taken together, form a Ci-6 alkylidene group, 
wherein said alkylidene group is either unsubstituted or substituted 
5 with a group selected from the group consisting of hydroxy, 0(Ci- 

4alkyl), N(Ci^alkyl)2, and phenyl, wherein said phenyl group can 
either be unsubstituted or substituted with 1-3 substituents 
independently selected from the group consisting of Ci_4alkyl, OH, 
0(Ci,4alkyl), NH2, NH(Ci^alkyl), NH(Ci^alkyl)2, halo, CN. NO2. 

10 CO2H, C02(Ci^alkyl), C(0)H, and C(0)(Ci^aIkyl); 

R3 is selected from the group consisting of hydrogen, fluoro, chloro, bromo, iodo, 
cyano, nitro, NRSrc^ oRa S(0)Ra SOzRa, SRa C(=0)Ra C02R^, 
CONRaRC, Cj.ioalkyl, C2-ioalkenyl, C2-ioalkynyl, C3.7cycloalkyl, 
4-7 membered heterocycloalkyl, cycloalkylalkyi, aryl, heteroaryl, 

15 arylalkyl, and heteroarylalkyl, wherein said alkyl, alkenyl, alkynyl, 

cycloalkyl. aryl and heteroaryl groups are either unsubstituted or 
independently substituted with 1, 2 or 3 groups selected from fluoro, 
chloro, bromo, iodo, cyano, OR^, NRaRC^ 0(C=0)Ra, 0(C=:0)NRaRC, 
NRa(C=0)RC, NRa(C=0)ORC, C(=0)Ra, C02Ra, CONRaRC, 

20 CSNRaRC, SRa, S(0)Ra S02Ra, S02NRaRC, LRd and MLRd ; 

R4 and R^ are each independently selected from the group consisting of hydrogen, 

hydroxy, amino, methyl, CF3, fluoro, chloro, and bromo; 
r6 is selected from the group consisting of hydrogen, (C=0)Ra, (C=0)0Ra and 
S02Ra; 

25 R^ and r8 are each independently selected from the group consisting of hydrogen, 
Cj.galkyl, C2.6alkenyl, C2-6aIkynyl, fluoro, chloro, bromo, cyano, 
hydroxy, 0(Ci^ alkyl), azido, amino, NH(Ci_4alkyl), and N(Ci. 
4alkyl)2; 

or r7 and r8, when taken together with the carbon atom to which they 
30 are attached, form a 3-5 membered cycloalkyl ring; 

or r7 and R8, when taken together with the carbon atom to which they 
are attached, form a carbonyl group; 

or r7 and r8, when taken together, form a Ci^galkylidene group, 
wherein said alkylidene group is either unsubstituted or substituted 
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with a group selected from cyano, C(=0)H, C(=0)(Ci^alkyl), or 
C(=0)OCMalkyl; 

r9 is selected from the group consisting of hydrogen, Cj^oalkyl, C2-l0^Jkenyl, C2- 
lOalkynyl, Cs.gcycloalkyl, cycloalkylalkyl, aryl, heteroaryl, arylalkyl 
5 and heteroarylalkyl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, 

cycloalkylalkyl, aryl, heteroaryl, arylalkyl and heteroarylalkyl groups 
can be optionally substituted with a group selected from bromo, iodo, 
ORb, SRb, C(=:0)Rb 1-3 chloro, or 1-5 fluoro; 
or r9 and r1, when taken together with the three intervening carbon 

10 atoms to which they are attached, form a 5-6 membered cycloalkyl or 

cycloalkenyl ring which can be optionally substituted with 1-3 groups 
independently selected from 0x0, hydroxy, fluoro, Ci_6alkyl, C2- 
ealkenyl, C2-6alkynyl, Ci^galkylidenyl, Cs^gcycloalkyl, 
cycloalkylalkyl, phenyl, or phenylalkyl, wherein said alkyl, alkenyl, 

15 alkynyl, alkylidenyl, cycloalkyl, cycloalkylalkyl, phenyl, and 

phenylalkyl groups can be optionally substituted with a group selected 
from chloro, bromo, iodo, ORb, SRb, Ci_3alkyl, C(=:0)Rb, or 1-5 
fluoro; 

or when taken together with the two intervening carbon 

20 atoms to which they are attached, form a cyclopropyl ring which can be 

optionally substituted with 1-2 groups independently selectedfrom Cj. 

galkyl, C2-6alkenyl, C2-6alkynyl, Cs^cycloalkyl, cycloalkylalkyl, 

phenyl, or phenylalkyl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, 

cycloalkylalkyl, phenyl, and phenylalkyl groups can be optionally 
25 substituted with a group selected from chloro, bromo, iodo, ORb, SRb, 

Ci,3alkyl, C(=0)Rb, or 1-5 fluoro; 
rIO is selected from the group consisting of hydrogen, Ci^iQalkyl and C2-ioalkenyl; 
R^ is selected from the group consisting of hydrogen, Ci^iQalkyl and phenyl, 

wherein said alkyl group can be optionally substituted with a group 
30 selected from hydroxy, amino, O(Ci^alkyl), NH(Ci^alkyl), N(Ci. 

4alkyl)2, phenyl, or 1-5 fluoro, and 

wherein said phenyl groups can either be unsubstituted or substituted 
with 1-3 substituents independently selected from the group consisting 
of Ci^alkyl, OH, O(Ci^alkyl), NH2, NH(Ci^alkyl), NH(Ci. 
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4alkyl)2, halo, CN, NO2, CO2H, C02(Ci^alkyl), C(0)H, and 
C(0)(CMalkyl); 

is selected from the group consisting of hydrogen, Cj^io^'O^'^' benzyl and phenyl, 
wherein said phenyl group can either be unsubstituted or substituted 
5 with 1-3 substituents independently selected from the group consisting 

of Ci^alkyl, OH, O(Ci^alkyl), NH2, NH(Ci^alkyl), NH(Ci. 
4alkyl)2, halo, CN, NO2, CO2H. C02(Ci^alkyl), C(0)H, and 
C(0)(Ci^aIkyl); 

is selected from the group consisting of hydrogen, Cj^io^^kyl phenyl, wherein 
10 said phenyl group can either be unsubstituted or substituted with 1-3 

substituents independently selected from the group consisting of Cj. 
4alkyl, OH, O(Ci^alkyl), NH2, NH(Ci^alkyl), NH(Ci^alkyl)2, 
halo. CN, NO2, CO2H, C02(Ci^alkyl), C(0)H, and C(0)(Ci, 
4alkyl); 

15 or R^ and R^, whether or not on the same atom, can be taken together 

with any attached and intervening atoms to form a 4-7 membered ring; 
Rd is selected from the group consisting of NR^RC, OR^, C02R^, 0(C=0)Ra, CN, 
NRC(C=0)Rb, CONRaRC, S02NRaRC, and a 4-7 membered N- 
heterocycloalkyl ring that can be optionally interrupted by O, S. NR^, 
20 or C=0; 

R^ is selected from the group consisting of hydrogen, Cj^galkyl, C2^6^'ik.tnyl, CF3, 

halo, 0(Ci,4alkyl), NH2, NH(Ci^alkyl), and N(Ci^alkyl)2; 
Rf is selected from the group consisting of hydrogen, Ci_6alkyl, C2-6^^^yI> CF3, 
halo, O(Ci^alkyl), NO2, NH2, NH(Ci^alkyl), and N(Ci^alkyl)2; 
25 L is selected from the group consisting of CRhRC, C2-6 alkylene and C2-6 

alkenylene, wherein said alkylene and alkenylene groups can be 
optionally interrupted by O, S , or NR^; 
M is selected from the group consisting of O, S, NR^, C=0, 0(0=0), (C=0)0, 
NRC(C=0) or (C=0)NRC; 
30 and the pharmaceutically acceptable salts thereof. 

The present invention also relates to pharmaceutical compositions 
comprising the compounds of the present invention and a pharmaceutically acceptable 
carrier. 
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The present invention also relates to methods for making the 
pharmaceutical compositions of the present invention. 

The present invention also relates to methods for eliciting an estrogen 
receptor modulating effect in a mammal in need thereof by administering the 
5 compounds and pharmaceutical compositions of the present invention. 

The present invention also relates to methods for eliciting an estrogen 
receptor antagonizing effect in a mammal in need thereof by administering the 
compounds and pharmaceutical compositions of the present invention. 

The present invention also relates to methods for eliciting an estrogen 
10 receptor agonizing effect in a mammal in need thereof by administering the 
compounds and pharmaceutical compositions of the present invention. 

The present invention also relates to methods for treating or preventing 
disorders related to estrogen functioning, bone loss, bone fractures, osteoporosis, 
cartilage degeneration, endometriosis, uterine fibroid disease, cancer of the breast, 
15 uterus or prostate, hot flashes, cardiovascular disease, impairment of cognitive 

function, cerebral degenerative disorders, restenosis, gynacomastia, vascular smooth 
muscle cell proliferation, obesity and incontinence in a mammal in need thereof by 
administering the compounds and pharmaceutical compositions of the present 
invention. 

20 The present invention also relates to methods for reducing bone loss, 

lowering IDL cholesterol levels and eliciting a vasodilatory effect, in a mammal in 
need thereof by administering the compounds and pharmaceutical compositions of the 
present invention. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to compounds useful as estrogen receptor 
modulators. Compounds of the present invention are described by the following 
chemical formula: 
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wherein X is selected from the group consisting of: O, N-OR^, N-NR^b and Cj^ 
alkylidene, wherein said alkylidene group is unsubstituted or 
substituted with a group selected from hydroxy, amino, 0(Ci^4alkyl), 
5 NH(Ci^alkyl),orN(Ci^alkyl)2; 

Y is selected from the group consisting of N and CR^; 

Z is selected from the group consisting of N and CR^ ; 

r1 is selected from the group consisting of hydrogen, Cj^alkyl, C2-6alkenyI, and 

C2-6^kynyl, wherein said alkyl, alkenyl and alkynyl groups are either 

10 unsubstituted or substituted with a group selected from OR^, SR^, 

NRbRC, C(=0)RC, C(=0)CH20H. bromo, 1-3 chloro, 1-5 fluoro or 
phenyl, wherein said phenyl group can either be unsubstituted or 
substituted with a substituent selected from the group consisting of Cj. 
4alkyl, OH and O(Ci^alkyl); 

15 r2 is selected from the group consisting of hydrogen, hydroxy, iodo, 0(C=0)RC, 

C(=0)RC, CO2RC, Ci.6alkyl, C2-6alkenyl, and C2-6alkynyl, wherein 
said alkyl, alkenyl and alkynyl groups are either unsubstituted or 
substituted Avith a group selected from ORC, SRC, NR^RC ,C(=0)Rc, 
C(=0)CH20H, or phenyl, wherein said phenyl group can either be 

20 unsubstituted or substituted with a substituent selected from the group 

consisting of Cj^alkyl, OH and O(Ci^alkyl); 
or r1 and r2, when taken together with the carbon atom to which they 
are attached, form a carbonyl group; 

or r1 and r2, when taken together with the carbon atom to which they 
25 are attached, form a C3-7 cycloalkyl or 3-7 heterocycloalkyl ring, 

wherein said ring is either unsubstituted or substituted with a group 
selected from C1-4 alkyl, OH, 0(Ci-4 alkyl) and 0x0; 
or r1 and r2, when taken together, form a Ci-g alkylidene group, 
wherein said alkylidene group is either unsubstituted or substituted 
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with a group selected from the group consisting of hydroxy, 0(Ci- 
4alkyl), N(Ci-4alkyl)2, and phenyl, wherein said phenyl group can 
either be unsubstituted or substituted with 1-3 substituents 
independently selected from the group consisting of Cj^alky], OH, 

5 O(Ci^alkyl), NH2, NH(Ci.4alkyl), NH(Ci^alkyl)2, halo, CN, NO2, 

CO2H, C02(Ci_4aIkyl), C(0)H, and C(0)(Ci^alkyI); 
is selected from the group consisting of hydrogen, fluoro, chloro, bromo, iodo, 
cyano, nitro, NR^rc^ qr^, (0)Ra, S02Ra, SR^, C(=0)Ra, C02R^, 
CONR^RC, Ci_ioalkyl, C2-ioalkenyl, C2_ioalkynyI, Cs^vcycloalkyl, 

.0 4-7 membered heterocycloalkyl, cycloalkylalkyi, aryl, heteroaryl, 

arylalkyl, and heteroarylalkyl, wherein said alkyl, alkenyl, alkynyl, 
cycloalkyl, aryl and heteroaryl groups are either unsubstituted or 
independently substituted with 1, 2 or 3 groups selected from fluoro, 
chloro, bromo, iodo, cyano, OR^ NR^RC, 0(C=0)Ra 0(C=0)NRaRC, 

5 . NRa(C=0)RC, NRa(C=0)ORc. C(=0)Ra, C02Ra CONRaRc^ 

CSNR^RC, SRa, S(0)Ra S02Ra S02NRaRC, LRd, and MLRd ; 
r4 and r5 are each independently selected from the group consisting of hydrogen, 

hydroxy, amino, methyl, CF3, fluoro, chloro, and bromo; 
r6 is selected from the group consisting of hydrogen, (C=0)Ra, (C=0)ORa and 

0 S02Ra; 
, R7 and r8 are each independently selected from the group consisting of hydrogen, 
Ci.6alkyl, C2-6alkenyl, C2.6alkynyl, fluoro, chloro, bromo, cyano, 
hydroxy, 0(Ci»6 alkyl), azido, amino, NH(Ci^alkyl), and N(Ci. 
4alkyl)2; 

or R^ and R^, when taken together with the carbon atom to which they 
are attached, form a 3-5 membered cycloalkyl ring; 
or R'7 and r8, when taken together with the carbon atom to which they 
are attached, form a carbonyl group; 

or r7 and R^, when taken together, fonn a Ci.6alkylidene group, 
wherein said alkylidene group is either unsubstituted or substituted 
with a group selected from cyano, C(=0)H, C(=0)(Ci^alkyl), or 
C(=0)OCi^alkyl; 

r9 is selected from the group consisting of hydrogen, Ci_ioalkyl, C2.ioalkenyl, C2. 

lOalkynyl, C3,6cycloalkyl, cycloalkylalkyi, aryl, heteroaryl, arylalkyl 
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and heteroarylalkyl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, 
cycloalkylalkyl, aryl, heteroaryl, arylalkyl and heteroarylalkyl groups 
can be optionally substituted with a group selected from bromo, iodo, 
ORb, SRb, C(=0)Rb, 1-3 chloro, or 1-5 fluoro; 
5 or r9 and r1, when taken together with the three intervening carbon 

atoms to which they are attached, fprm a 5-6 membered cycloalkyl or 
cycloalkenyl ring which can be optionally substituted with 1-3 groups 
independently selected from oxo, hydroxy, fluoro, Cj.galkyl, C2- 
galkenyl, C2-6alkynyl, Cj^galkylidenyl, C3_6cycloalkyI, 
10 cycloalkylalkyl, phenyl, or phenylalkyl, wherein said alkyl, alkenyl, 

alkynyl, alkylidenyl, cycloalkyl, cycloalkylalkyl, phenyl, and 
phenylalkyl groups can be optionally substituted with a group selected 
from chloro, bromo, iodo, OR^, SR^, Ci.salkyl, C(=0)Rb, or 1-5 
fluoro; 

15 or r9 and R^, when taken together with the two intervening carbon 

atoms to which they are attached, form a cyclopropyl ring which can be 
optionally substituted with 1-2 groups independently selected from Cj. 
galkyl, C2-6alkenyl, C2-6^1kynyl» C3>6^ycloalkyl, cycloalkylalkyl, 
phenyl, or phenylalkyl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, 

20 cycloalkylalkyl, phenyl, and phenylalkyl groups can be optionally 

substituted with a group selected from chloro, bromo, iodo, OR^, SR^, 
Ci.3alkyl, C(=0)Rb, or 1-5 fluoro; 
RIO is selected from the group consisting of hydrogen, Ci.io^^cyl, and C2-ioalkenyl; 
R^ is selected from the group consisting of hydrogen, Ci^iQalkyl, and phenyl, 

25 wherein said alkyl group can be optionally substituted with a group 

selected from hydroxy, amino, O(Ci^alkyl), NH(Ci^alkyl), N(Ci. 
4alkyl)2, phenyl, or 1-5 fluoro, and 

wherein said phenyl gj-oups can either be unsubstituted or substituted 
with 1-3 substituents independently selected from the group consisting 
30 of Ci^alkyl, OH, O(Ci^alkyl), NH2, NH(Ci^alkyl), NH(Ci. 

4aikyl)2, halo, CN, NO2, CO2H, C02(Ci^alkyl), C(0)H, and 
C(0)(Ci^alkyi); 

Rb is selected from the group consisting of hydrogen, Ci^ioalkyl, benzyl and phenyl, 
wherein said phenyl group can either be unsubstituted or substituted 
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with 1-3 substituents independently selected from the group consisting 
of Ci^alkyl, OH, O(Ci^alkyl), NH2, NH(Ci^alkyl), NH(Ci. 
4alkyl)2, halo, CN, NO2, CO2H, C02(Ci.4aIkyl), C(0)H, and 
C(0)(Ci^alkyl); 

5 Rc is selected from the group consisting of hydrogen, Ci^joalkyl and phenyl, wherein 
said phenyl group can either be unsubstituted or substituted with 1-3 
substituents independently selected from the group consisting of C^. 
4alkyl, OH, 0(Ci.4alkyl), NH2, NH(Ci_4alkyl), NH(Ci.4alky])2, 
halo, CN, NO2, CO2H, C02(Ci^alkyl), C(0)H, and C(0)(Ci. 
10 4alkyl); 

or and R^, whether or not on the same atom, can be taken together 
'■ with any attached and intervening atoms to form a 4-7 membered ring; 
Rd is selected from the group consisting of NR^RO, OR^, C02R^, 0(C=0)Ra CN, 
NRC(C=0)Rb, CONR^RC^ S02NRaRC, and a 4-7 membered N- 
15 heterocycloalkyi ring that can be optionally interrupted by O, S, NR^, 

or C=0; 

Re is selected from the group consisting of hydrogen, Ci.6alkyl, C2.6alkenyl, CF3, 

halo, 0(Ci^4alkyl), NH2, NH(Ci_4alkyl), andN(Ci^alkyl)2; 
Rf is selected from the group consisting of hydrogen, Cj^galkyl, C2_6alkenyl, CF3, 
20 halo, 0(Ci_4alkyl), NO2, NH2, NH(Ci_4alkyl), and N(Ci^alkyl)2; 

L is selected from the group consisting of CR^RC, C2-6 alkylene and C2-6 

alkenylene, wherein said alkylene and alkenylene groups can be 

optionally interrupted by O, S, or NR^; 
M is selected from the group consisting of O, S, NRC, C=0, 0(C=0), (C=0)0, 
25 NRC(C=0) or (C=0)NRC; 

and the pharmaceutically acceptable salts thereof. 

In a class of the invention, X is selected from O and N-OR^. In a 
subclass of the invention, X is selected from O, N-OH and N-OCH3. In a farther 
subclass of the invention, X is O. 
30 In a class of the invention, Y is selected from N and CH. 

In a class of the invention, Z is selected from N and CRf In a subclass 
of the invention, Z is selected from N, CH, CF and CCl. In a further subclass of the 
invention, Z is selected from N and CH. 
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In a class of the invention, R1 is selected from hydrogen, Ci^galkyl, 
C2-6aIkenyl, and C2.6alkynyl, wherein said alkyl, alkenyl and alkynyl groups are 
either unsubstituted or substituted with a group selected from OR^ or C(=0)RC. a 
subclass of the invention, r1 is selected from hydrogen and Ci.3alkyl, 
5 In a class of the invention, r2 is selected from hydrogen, hydroxy, 

iodo, Ci_6alkyl, C2-6alkenyI, and C2-6alkynyl, wherein said alkyl, alkenyl and 
alkynyl groups are either unsubstituted or substituted with a group selected from OR^ 
or C(=0)RC. In a subclass of the invention, R2 is selected from hydrogen, hydroxy, 
iodo and Cj[_3alkyL 

10 In a class of the invention, r3 is selected from hydrogen, chloro, 

bromo, iodo, Ci.iQalkyl, C2,ioalkenyl, Cs.ycycloalkyl, aiyl and heteroaryl, wherein 
said alkyl, alkenyl, cycloalkyl, aryl and heteroaryl groups are either unsubstituted or 
independently substituted with 1, 2 or 3 groups selected from fluoro, chloro, bromo, 
cyano, ORa, NR^RC, C(=0)Ra C02R^, CONRaRC, SRa NRa(C=0)RC, LRd, and 

15 MLR<^. In a subclass of the invention, r3 is selected from hydrogen, chloro, bromo, 
iodo, Ci_ioaIkyl, C2-ioalkenyl, C3_7cycloalkyI, and aryl, wherein said alkyl, alkenyl, 
cycloalkyl, and aryl groups are either unsubstituted or independently substituted with 
1, 2 or 3 groups selected from fluoro, chloro, bromo, cyano, ORa, NRaRc^ LRd^ a^d 
MLRd. 

20 In a class of the invention, R"^ is selected from hydrogen, hydroxy, 

methyl, fluoro, and chloro. In a subclass of the invention, r4 is selected from 
hydrogen, methyl and fluoro. 

In a class of the invention, R^ is selected from hydrogen, hydroxy, 
fluoro and chloro. In a subclass of the invention, r5 is selected from hydrogen and 

25 fluoro. 

hi a class of the invention, R^ is selected from hydrogen, (C=0)Ra and 
C(=0)ORa. In a subclass of the invention, r6 is selected from hydrogen and 
C(=0)ORa. 

In a class of the invention, R'^ and R^ are each independently selected 
30 from hydrogen and Cj^galkyl, or r7 and r8, when taken together with the carbon 
atom to which they are attached, form a carbonyl group. In a subclass of the 
invention, r7 and r8 are each independently selected from hydrogen and Cj^galkyl. 

In a class of the invention, R^ is selected from hydrogen, Cj.ioalkyl, 
C2-ioalkenyl, Cs^scycloalkyl and cycloalkylalkyl, wherein said alkyl, alkenyl. 
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cycloalkyl and cycloalkylalkyl groups can be optionally substituted with a group 
selected from chloro, ORb, SRb or 1-5 fluoro. In a subclass of the invention, r9 is 
selected from Ci^iQeilkyl, C2.ioalkenyl, C3.6cycloalkyl and cycloalkylalkyl. 

In a class of the invention, r9 and r1, when taken togettier with the 
5 three intervening carbon atoms to which they are attached, form a 5-6 membered 
cycloalkyl ring which can be optionally substituted with a group selected from Ci. 
galkyl, G2>6alkenyl, and C3_6cycloalkylalkyl, wherein said alkyl, alkenyl, and 
cycloalkylalkyl groups can be optionally substituted with a group selected jfrom 
chloro, ORb, SR^ or 1-5 fluoro. 
10 In a class of the invention, rIO is selected from hydrogen and Cj. 

lOalkyl. In a subclass of the invention, rIO is hydrogen. 

An embodiment of the invention is a method of eliciting an estrogen 
receptor modulating effect in a mammal in need thereof, comprising administering to 
the mammal a therapeutically effective amount of any of the compounds or any of the 
15 above pharmaceutical compositions described above. 

A class of the embodiment is the method wherein the estrogen receptor 
modulating effect is an antagonizing effect. 

A subclass of the embodiment is the method wherein the estrogen 
receptor is an ERa receptor! 
20 A second subclass of the embodiment is the method wherein the 

estrogen receptor is an ER|3 receptor. 

A third subclass of the embodiment is the method wherein the estrogen 
• receptor modulating effect is a mixed ERa and ER(3 receptor antagonizing effect. 

A second class of the embodiment is the method wherein the estrogen 
25 receptor modulating effect is an agonizing effect. 

A subclass of the embodiment is the method wherein the estrogen 
receptor is an ERa receptor. 

A second subclass of the embodiment is the method wherein the 
estrogen receptor is an ERp receptor. 
30 A third subclass of the embodiment is the method wherein the estrogen 

receptor modulating effect is a mixed ERa and ERp receptor agonizing effect. 

A third class of the embodiment is the method wherein the 
ERa receptor modulating effect is an agonizing and antagonizing effect. 
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A fourth class of the embodiinent is the method wherein the 
ERP receptor modulating effect is an agonizing and antagonizing effect. 

A fifth class of the embodiment is the method wherein the estrogen 
receptor modulating effect is a mixed ERa and ERP receptor agonizing and 
5 antagonizing effect. 

Another embodiment of the invention is a method of treating or 
preventing hot flashes in a mammal in need thereof by administering to the mammal a 
therapeutically effective amount of any of the compounds or pharmaceutical 
compositions described above. 
10 Another embodiment of the invention is a method of treating or 

preventing anxiety in a mammal in need thereof by administering to the mammal a 
therapeutically effective amount of any of the compounds or pharmaceutical 
compositions described above. 

Another embodiment of the invention is a method of treating or 
15 preventing depression in a mammal in need thereof by administering to the mammal a 
therapeutically effective amount of any of the compounds or phannaceutical 
compositions described above. 

Another embodiment of the invention is a method of treating or 
preventing anxiety in a mammal in need thereof by administering to the maromal a 
20 therapeutically eflFective amount of an estrogen receptor beta selective agonist. 

Another embodiment of the invention is a method of treating or 
preventing depression in a mammal in need thereof by administering to the mammal a 
therapeutically effective amount of an estrogen receptor beta selective agonist. 

Exemplifying the invention is a phannaceutical composition 
25 comprising any of the compounds described above and a pharmaceutically acceptable 
carrier. Also exemplifying the invention is a pharmaceutical composition made by 
combining any of the compounds described above and a pharmaceutically acceptable 
carrier. An illustration of the invention is a process for making a pharmaceutical 
composition comprising combining any of the compounds described above and a 
30 pharmaceutically acceptable carrier. 

Also exemplifying the invention is a phannaceutical composition 
comprising an estrogen receptor beta selective agonist and a pharmaceutically 
acceptable carrier. Also exemplifying the invention is a phannaceutical composition 
made by combining an estrogen receptor beta selective agonist and a pharmaceutically 
35 acceptable carrier. An illustration of the invention is a process for making a 
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pharmaceutical composition comprising combining an estrogen receptor beta selective 
agonist and a pharmaceutically acceptable carrier. 

Further exemplifying the invention is the use of any of the compounds 
described above in the preparation of a medicament for the treatment and/or 
5 prevention of osteoporosis in a mammal in need thereof. Still further exemplifying 
the invention is the use of any of the compounds described above in the preparation of 
a medicament for the treatment and/or prevention of: bone loss, bone resorption, bone 
fractures, cartilage degeneration, endometriosis, uterine fibroid disease, breast cancer, 
uterine cancer, prostate cancer, hot flashes, cardiovascular disease, impairment of 

10 congnitive functioning, cerebral degenerative disorder, postmenopausal depression, 
postpartum depression, verbal memory loss in ovarectomized women, Alzheimer 
disease, anxiety, restenosis, vascular smooth muscle cell proliferation, incontinence, 
and/or disorders related to estrogen functioning. 

The present invention is also directed to combinations of any of the 

15 compounds or any of the pharmaceutical compositions described above with one or 
more agents useful in the prevention or treatment of osteoporosis. For example, the 
compounds of the instant invention may be effectively administered in combination 
with effective amounts of other agents such as an organic bisphosphonate or a 
cathepsin K inhibitor. Nonlimiting examples of said organic bisphosphonates include 

20 alendronate, clodronate, etidronate, ibandronate, incadronate, minodronate, 
neridronate, risedronate, piridronate, pamidronate, tiludronate, zoledronate, 
pharmaceutically acceptable salts or esters thereof, and mixtures thereof. Preferred 
organic bisphosphonates include alendronate and pharmaceutically acceptable salts 
and mixtures thereof. Most preferred is alendronate monosodium trihydrate. 

25 The precise dosage of the bisphosphonate will vary with the dosing 

schedule, the oral potency of the particular bisphosphonate chosen, the age, size, sex 
and condition of the mammal or human, the nature and severity of the disorder to be 
treated, and other relevant medical and physical factors. Thus, a precise 
pharmaceutically effective amount cannot be specified in advance and can be readily 

30 detennined by the caregiver or clinician. Appropriate amounts can be determined by 
routine experimentation from animal models and human clinical studies. Generally, 
an appropriate amount of bisphosphonate is chosen to obtain a bone resorption 
inhibiting effect, i.e. a bone resorption inhibiting amount of the bisphosphonate is 
administered. For hunoans, an effective oral dose of bisphosphonate is typically from 
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about 1.5 to about 6000 /ig/kg body weight and preferably about 10 to about 2000 
/xg/kg of body weight 

For human oral compositions comprising alendronate, 
pharmaceutically acceptable salts thereof, or phaimaceutically acceptable derivatives 
5 tiiereof, a unit dosage typically comprises from about 8.75 mg to about 140 mg of the 
alendronate compound, on an alendronic acid active weight basis, i.e. on the basis of 
the corresponding acid. 

For use in medicine, the salts of the compounds of this invention refer 
to non-toxic "pharmaceutically acceptable salts." Other salts may, however, be useful 

10 • in the preparation of the compounds according to the invention or of their 

pharmaceutically acceptable salts. When the compounds of the present invention 
contain a basic group, salts encompassed within the term "pharmaceutically 
acceptable salts" refer to non-toxic salts which are generally prepared by reacting the 
free base with a suitable organic or inorganic acid. Representative salts include the 

15 • following: acetate, benzenesulfonate, benzoate, bicarbonate, bisulfate, bitartrate, 
borate, bromide, calcium, camsylate, carbonate, chloride, clavulanate, citrate, 
dihydrochloride, edetate, edisylate, estolate, esylate, fumarate, gluceptate, gluconate, 
glutamate, glycoUyJarsanilate, hexylresorcinate, hydrabamine, hydrobromide, 
hydrochloride, hydroxynaphthoate, iodide, isothionate, lactate, lactobionate, laurate, 

20 malate, maleate, mandelate, mesylate, methylbromide, methylnitrate, methylsulfate, 
mucate, napsylate, nitrate, N-metfiylglucamine ammonium salt, oleate, oxalate, 
pamoate (embonate), pahnitate, pantothenate, phosphate/diphosphate, 
polygalacturonate, salicylate, stearate, sulfate, subacetate, succinate, tannate, tartrate, 
teoclate, tosylate, triethiodide and valerate. Furthermore, where the compounds of the 

25 ' invention carry an acidic moiety, suitable pharmaceutically acceptable salts thereof 
may include alkali metal salts, e.g., sodium or potassium salts; alkaline earth metal 
salts, e.g., calcium or magnesium salts; and salts formed with suitable organic ligands, 
e.g., quaternary ammonium salts. 

The compounds of the present invention can have chiral centers and 

30 occur as racemates, racemic mixtures, diastereomeric mixtures, and as individual 
diastereomers, or enantiomers with all isomeric forms being included in the present 
invention. Therefore, where a compound is chiral, the separate enantiomers, 
substantially free of the other; are included within the scope of the invention; further 
included are all mixtures of the two enantiomers. Also included within the scope of 
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the invention are polymoiphs, hydrates and solvates of the compounds of the instant 
invention. 

The present invention includes within its scope prodrugs of the 
compounds of this invention. In general, such prodrugs will be functional derivatives 
5 of the compounds of this invention which are readily convertible in vivo into the 
required compound. Thus, in the methods of treatment of the present invention, the 
term "administering" shall encompass the treatment of the various conditions 
described with the compound specifically disclosed or with a compound which may 
not be specifically disclosed, but which converts to the specified compound in vivo 
10 after administration to the patient. Conventional procedures for the selection and 
preparation of suitable prodrug derivatives are described, for example, in "Design of 
Prodrugs," ed. H, Bundgaard, Elsevier, 1985, which is incorporated by reference 
herein in its entirety. Metabolites of these compounds include active species 
produced upon introduction of compounds of this invention into the biological milieu. 
• 15 The term "therapeutically effective amount" shall mean that amount of 

a drug or pharmaceutical agent tiiat will elicit the biological or medical response of a 
tissue, system, animal or human that is being sought by a researcher or clinician. 

The term "bone resorption," as used herein, refers to the process by 
which osteoclasts degrade bone. 
20 The term "alkyl" shall mean a substituting univalent group derived by 

conceptual removal of one hydrogen atom from a straight or branched-chain acyclic 
saturated hydrocarbon (i.e., -CH3, -CH2CH3. -CH2CH2CH3, -CH(CH3)2, 
-CH2CH2CH2CH3, -CH2CH(CH3)2, -C(CH3)3, etc.). 

The term "alkenyl" shall mean a substituting univalent group derived 
25 by conceptual removal of one hydrogen atom ft-om a straight or branched-chain 

acyclic unsaturated hydrocarbon containing at least one double bond (i.e., -CH=CH2, 
-CH2CH=CH2, -CH=CHCH3, -CH2CH=C(CH3)2, etc.). 

The term "alkynyl" shall mean a substituting univalent group derived 
by conceptual removal of one hydrogen atom from a straight or branched-chain 
30 acyclic unsaturated hydrocarbon containing at least one triple bond (i.e., -C=CH, 
-CH2C>CH, -C^CH3, -CH2CN:CH2(CH3)2, etc.). 

The term "alkylene" shall mean a substituting bivalent group derived 
from a straight or branched-chain acyclic saturated hydrocarbon by conceptual 
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removal of two hydrogen atoms from different carbon atoms (i.e., -CH2CH2r, 
-CH2CH2CH2CH2-, -CH2C(CH3)2CH2-, etc.> 

The term "alkylidene" shall mean a substituting bivalent group derived 
from a straight or branched-chain acyclic saturated hydrocarbon by conceptual 
5 removal of two hydrogen atoms from the same carbon atom (i.e., =CH2, =CHCH3, 
=C(CH3)2,etc.)- 

The term "alkenylene" shall mean a substituting bivalent group derived 
from a straight or branched-chain acyclic unsaturated hydrocarbon by conceptual 
removal of two hydrogen atoms from different carbon atoms (i.e., -CH=:CH-, 
10 -CH2CH=CH-, CH2CH=CHCH2-, -C(CH3)=C(CH3)-, etc.). 

The term "cycloalkyl" shall mean a substituting univalent group 
derived by conceptual removal of one hydrogen atom from a saturated monocyclic 
hydrocarbon (i.e., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, or cycloheptyl). 

The term "cycloalkenyl" shall mean a substituting univalent group 
15 derived by conceptual removal of one hydrogen atom from an unsaturated monocyclic 
hydrocarbon containing a double bond (i.e., cyclopentenyl or cyclohexenyl). 

The term "heterocycloalkyl" shall mean a substituting univalent group 
derived by conceptual removal of one hydrogen atom from a heterocycloalkane 
wherein said heterocycloalkane is derived from the corresponding saturated 
20 monocyclic hydrocarbon by replacing one or two carbon atoms with atoms selected 
from N, O or S. Examples of heterocycloalkyl groups include, but are not limited to, 
oxiranyl, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, and morpholinyl. 
Heterocycloalkyl substituents can be attached at a carbon atom. If the substituent is a 
nitrogen containing heterocycloalkyl substituent, it can be attached at the nitrogen 
25 atom. 

The term "aryl" as used herein refers to a substituting univalent group 
derived by conceptual removal of one hydrogen atom from a monocyclic or bicyclic 
aromatic hydrocarbon. Examples of aryl groups are phenyl, indenyl, and naphthyl. 

The term "heteroaryl" as used herein refers to a substituting univalent 
30 group derived by the conceptual removal of one hydrogen atom from a monocyclic or 
bicyclic aromatic ring system containing 1, 2, 3, or 4 heteroatoms selected from N, O, 
or S. Examples of heteroaryl groups include, but are not limited to, pyrrolyl, furyl, 
thienyl, imidazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiazoly], pyridyl, pyrimidinyl. 
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pyrazinyl, benzimidazolyl, indolyl, and purinyl. Heteraryl substituents can be 
attached at a carbon atom or through the heteroatom. 

In the compounds of the present invention, alkyl, alkenyl, alkynyl, 
alkylidene, alkenylene, cycloalkyl, cycloalkenyl, heterocycloalkyl, aryl and heteroaiyl 
5 groups can be further substituted by replacing one or more hydrogen atoms be 

alternative non-hydrogen groups. These include, but are not limited to, halo, hydroxy, 
mercapto, amino, carboxy, cyano and carbamoyl. 

Whenever the term "alkyl" or "aryl" or either of their prefix roots 
appear in a name of a substituent (e.g., aryl Ci-g alkyl) it shall be interpreted as 

10 including those limitations given above for "alkyl" and "aryl." Designated numbers of 
carbon atoms (e.g., Ci-io) shall refer independently to the number of carbon atoms in 
an alkyl or cyclic alkyl moiety or to the alkyl portion of a larger substituent in which 
alkyl appears as its prefix root. 

The terms "arylalkyl" and "alkylaryl" include an alkyl portion where 

15 alkyl is as defined above and to include an aryl portion where aryl is as defined above. 
Examples of arylalkyl include, but are not Hmited to, benzyl, fluorobenzyl, 
chlorobenzyl, phenylethyl, phenylpropyl, fluorophenylethyl, and chlorophenylethyl. 
Examples of alkylaryl include, but are not limited to, toluyl, ethylphenyl, and 
propylphenyl. 

20 The term "heteroarylalkyl," as used herein, shall refer to a system that 

includes a heteroaryl portion, where heteroaryl is as defined above, and contains an 
alkyl portion. Examples of heteroarylalkyl include, but are not limited to, 
thienylmethyl, thienylethyl, thienylpropyl, pyridylmethyl, pyridylethyl and 
imidazoylmethyl. 

25 The term "cycloalkylalkyl," as used herein, shall refer to a system diat 

includes a 3- to 8-membered fully saturated cyclic ring portion and also includes an 
alkyl portion, wherein cycloalkyl and alkyl are as defined above. 

In the compounds of the present invention, Rl and R2 can be taken 
together with the carbon atom to which they are attached to form a 3-6 membered 

30 ring. 

In the compounds of the present invention, Ra and Rb can be taken 
together with any of the atoms to which they may be attached or are between them to 
form a 4-6 membered ring system. 

The term "halo" shall include iodo, bromo, chloro and fluoro. 



-21- 



wo 02/41835 



PCT/USOl/44010 



The term "oxy" means an oxygen (O) atom. The term "thio" means a 
sulfur (S) atom. The term "oxo" means =0. The term "oximino" means the =N-0 
group. 

The term "substituted" shall be deemed to include multiple degrees of 
5 substitution by a named substitutent. Where multiple substituent moieties are 

disclosed or claimed, the substituted compound can be independently substituted by 
one or more of the disclosed or claimed substituent moieties, singly or plurally. By 
independently substituted, it is meant that the (two or more) substituents can be the 
same or different. 

10 Under standard nonmenclature used throughout this disclosure, the 

• terminal portion of the designated side chain is described first, followed by the 
adjacent functionality toward the point of attachment. For example, a Ci-5 
alkylcarbonylamino Ci-6 alkyl substituent is equivalent to 

O 

-Cj-galkyl-NH-C-Ci-salkyl 

15 In choosing compounds of the present invention, one of ordinary skill 

in the art will recognize that the various substituents, i.e. R1, R2, r4^ r5^ 
r8, r9, rIO^ Ra^ Rb^ RC^Rd^ Re^ Rf, LRd^ and MLYRd are to be chosen in 
conformity with well-known principles of chemical structure connectivity. 

Representative compounds of the present invention typically display 

20 submicromolar affinity for alpha and/or beta estrogen receptors. Compounds of this 
invention are therefore useful in treating mammals suffering from disorders related to 
estrogen functioning. Pharmacologically effective amounts of the compound, 
including the phannaceutically effective salts thereof, are administered to the 
mammal, to treat disorders related to estrogen functioning, such as bone loss, hot 

25 flashes and cardiovascular disease. 

The compounds of the present invention are available in racemic form 
or as individual enantiomers. For convenience, some structures are graphically 
represented as a single enantiomer but, unless otherwise indicated, are meant to 
include both racemic and enantiomeric forms. 

30 It is generally preferable to administer compounds of the present 

invention as enantiomerically pure formulations since most or all of the desired 
bioactivity resides with a single enantiomer. Racemic mixtures can be separated into 
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. their individual enantiomers by any of a number of conventional methods. These 
include chiral chromatography, derivatization with a chiral auxiliary followed by 
separation by chromatography or crystallization, and fractional crystallization of 
diastereomeric salts. 

5 When the fused five-membered ring contains two or three nitrogen 

atoms, tautomeric (R^ is hydrogen) and positional (r6 is a non-hydrogen group) 
isomers are possible. These isomeric forms, as shown below, are contemplated to fall 
within the scope of the present invention: 



10 




The compounds of the present invention can be used in combination 
with other agents useful for treating estrogen-mediated conditions. The individual 
components of such combinations can be administered separately at different times 
15 . during the course of therapy or concurrently in divided or single combination forms. 
The ins.tant invention is therefore to be understood as embracing all such regimes of 
simultaneous or alternating treatment and the term "administering" is to be interpreted 
. accordingly. It will be understood that the scope of combinations of the compounds 
of this invention with other agents useful for treating estrogen-mediated conditions 
20 includes in principle any combination with any pharmaceutical composition useful for 
. treating disorders related to estrogen functioning. 

As used herein, the term "composition" is intended to encompass a 
product comprising the specified ingredients in the specified amounts, as well as any 
product which results, directly or indirectly, from combination of the specified 
25 ingredients in the specified amounts. 

The compounds of the present invention can be administered in such 
oral dosage forms as tablets, capsules (each of which includes sustained release or 
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timed release formulations), pills, powders, granules, elixers, tinctures, suspensions, 
syrups and emulsions. Likewise, they may also be administered in intravenous (bolus 
or infusion), intraperitoneal, topical (e.g., ocular eyedrop), subcutaneous, 
intramuscular or transdermal (e.g., patch) form, all using forms weU known to those 
5 of ordinary skill in the pharmaceutical arts. 

The dosage regimen utilizing the compounds of the present invention 
is selected in accordance with a variety of factors including type, species, age, weight, 
sex and medical condition of the patient; the severity of the condition to be treated; 
the route of administration; the renal and hepatic function of the patient; and the 
10 particular compound or salt thereof employed. An ordinarily skilled physician, 

veterinarian or clinician can readily determine and prescribe the effective amount of 
the drug required to prevent, counter or arrest the progress of the condition. 

Oral dosages of the present invention, when used for the indicated 
effects, will range between about 0.01 mg per kg of body weight per day (mg/kg/day) 
15. to about 100 mg/kg/day, preferably 0.01 to 10 mg/kg/day, and most preferably 0.1 to 
5.0 mg/kg/day. For oral administration, the compositions are preferably provided in 
the form of tablets containing 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 50.0, 
100 and 500 milligrams of the active ingredient for the symptomatic adjustment of the 
dosage to the patient to be treated. A medicament typically contains from about 0.0 1 
20 mg to about 500 mg of the active ingredient, preferably, from about 1 mg to about 100 
mg of active ingredient. Intravenously, the most preferred doses will range from 
about 0.1 to about 10 mg/kg/minute during a constant rate infusion. Advantageously, 
compounds of the present invention may be administered in a single daily dose, or the 
total daily dosage may be administered in divided doses of two, three or four times 
25 daily. Furthermore, preferred compounds for the present invention can be 

administered in intranasal form via topical use of suitable intranasal vehicles, or via 
transdermal routes, using those forms of transdermal skin patches well known to those 
of ordinary skill in die art. To be administered in the form of a transdermal delivery 
system, the dosage administration will, of course, be continuous ratiier than 
30 intermittant throughout the dosage regimen. 

In the methods of the present invention, the compounds herein 
described in detail can form the active ingredient, and are typically administered in 
admixture with suitable pharmaceutical diluents, excipients or carriers (collectively 
referred to herein as 'carrier' materials) suitably selected with respect to the intended 
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forai of administration, that is, oral tablets, capsules, elixirs, syrups and the like, and 
consistent with conventional pharmaceutical practices. 

For instance, for oral administration in the form of a tablet or capsule, 
the active drug component can be combined with an oral, non-toxic, pharmaceutically 
5 acceptable, inert carrier such as lactose, starch, sucrose, glucose, methyl cellulose, 
magnesium stearate, dicalcium phosphate, calcium sulfate, raannitol, sorbitol and the 
like; for oral administration in liquid form, the oral drug components can be combined 
with any oral, non-toxic, pharmaceutically acceptable inert carrier such as ethanol, 
glycerol, water and the like. Moreover, when desired or necessary, suitable binders, 

10 lubricants, disintegrating agents and coloring ^ents can also be incorporated into the 
mixture. Suitable binders include starch, gelatin, natural sugars such as glucose or 
beta-lactose, com sweeteners, natural and synthetic gums such as acacia, tragacanth or 
sodium alginate, carboxymethylcellulose, polyethylene glycol, waxes and the like. 
Lubricants used in these dosage forms include sodium oleate, sodium stearate, 

15 magnesium stearate, sodium benzoate, sodium acetate, . sodium chloride and the like. 
Disintegrators include, without limitation, starch, methyl cellulose, agar, bentonite, 
xanthan gum and the like. 

The compounds of the present invention can also be administered in 
the form of liposome delivery systems, such as small unilamellar vesicles, large 

20 unilamellar vesicles and multilamellar vesicles. Liposomes can be formed from a 
variety of phospholipids, such as cholesterol, stearylamine or phosphatidylcholines. 

Compounds of the present invention may also be delivered by the use 
of monoclonal antibodies as individual carriers to which the compound molecules are 
coupled. The compounds of the present invention may also be coupled with soluble 

25 polymers as targetable drug carriers. Such polymers can include 

polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamide-phenol, 
polyhydroxy-ethylaspartamide-phenol, or polyethyleneoxide-polylysine substituted 
with palmitoyl residues. Furthermore, the compounds of the present invention may be 
coupled to a class of biodegradable polymers useful in achieving controlled release of 

30 a drug, for example, polylactic acid, polyglycolic acid, copolymers of polyactic and 
polyglycolic acid, polyepsilon caprolactone, polyhydroxy butyric acid, 
polyorthoesters, polyacetals, polydihydropyrans, polycyanoacrylates and crosslinked 
or amphipathic block copolymers of hydrogels. 
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The novel compounds of the present invention can be prepared 
according to the procedures of the following schemes and examples, using appropriate 
materials, and are further exemplified by the following specific examples. The 
compounds illustrated in the examples are not, however, to be construed as forming 
5- the only genus that is considered as the invention. The following examples further 
illustrate details for the preparation of the compounds of the present invention. Those 
skilled in the art will readily understand that known variations of the conditions and 
processes of the following preparative procedures can be used to prepare these 
compounds. All temperatures are degrees Celsius unless otherwise noted. 

10 The compounds of the present invention are prepared according to the 

general methods outlined in Schemes I-Xni. In these schemes, represents one or 
two of r4 and r5, or precursors thereof; CHR^^R^^^ and CR^^^=C3l^^^R^^^ represent 
non-hydrogen values of r9, or precursors thereof; R^^ represents r3 or a precursor 
thereof; R^^^ and R^"*^ represent non-hydrogen values of r3, or precursors thereof; 

15 R^a, RV^ and CH(OH)R^«^ represent non-hydrogen values of R^ and r2, or precursors 
thereof; R^^^, RV^^ and R^^^ represents non-hydrogen values of R^ and r8, or 
precursors thereof; R^^^ represents OR^ and NR^Rb; RV//7 represents hydrogen or a 

^kyl group; represents an acyl group such as acetyl or the like; and R^ 
represents a //-protecting group for an indole, indazole, benzimidazole, or 

20 benzotriazole group. Other R groups are defined in the schemes in which they appear. 

The four classes of tetracyclic compounds described herein are 
prepared fi-om 5-(acylamino)-l-indanone intermediates, which are either known 
compounds or are prepared by the methods outlined in Schemes I and n. An example 
of a particularly useful and known indanone of this type is 5-(acetylainino)-l- 

25 indanone. 

In step 1 of Scheme I, an (acylamino)benzene (1) reacts with an acid 
haiide-Lewis acid combination to afford the ketone (2). Condensation of (2) with an 
aldehyde or aldehyde surrogate (step 2) provides the enone (3) which is cyclized in the 
presence of acid (step 3) to provide the indanone (4), Alternatively, a 3-nitrobenzoic 

30 acid of type (5a) is converted in several steps to a 3-[3-(acylainino)phenyll-propionic 
acid (6) which undergoes Lewis acid mediated cyclization (step 4) to the indanone (7). 
In yet another approach, a 4-(acylamino)benzoic acid (5b) or its corresponding methyl 
ketone is converted to the indanone (7) in a sequence of steps analogous to the 
preparation of (4) from (2). Indanones (7) react with aldehydes or ketones under basic 

35 conditions (step 5) to afford the 2-alkylidene-l-indanones (8). Reduction of the 
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double bond (step 6) affords the indanones (4). Steps 5 and 6 of Scheme I are 
conveniently combined to provide (4) directly jfrom (7). Alternatively, 2-substituted 
indanones (4) are obtained by reacting (7) with a suitable alkylating agent in the 
presence of a base (step 7). 

SCHEME I 




where is H, CI, Br, or CH3 
R^isHorCi,5alkyl 
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10 



Representative reagents and reaction conditions indicated in Scheme I 
as steps 1-7 are as follows: 

Step 1 R«R«/CHCH2C0C1, AICI3, CH2CI2, 0°C to rt 

Step 2 R/^CHO, K2CO3, MeOH, rt or 
R^CH(NMe2)2, AcjO, 95°C 

Steps H2SO4,0°Cto50°C 

Step 4 PPA,80°C 



Step 5 RWC(0)R/^^ KOH or NaOMe, EtOH, 0°C to rt or 

LiN(iPr)2, THF, -78°C then R^^C(0)R«^ -78°C to rt 
15 when R^'C(0)R^^^ is an aldehyde 

R^^C(0)RW LiN(iPr)2, HMPA, -78°C to rt 
when R"C(0)R"i is a ketone 

20 Step 6 H2, 10% Pd/C or 20% Pd(0H)2/C, EtOH or EtOAc, rt 

Steps 5 and 6 can be combined 

R«C(0)R^^^, KOH. H2, 10% Pd/C, EtOH. rt or 
25 R«C(0)R^". NaOMe. H2. 20% Pd(OH)2/C, MeOH or EtOH, 0 to70°C 

Step 7 R^^R^^^CHX,NaH,DMF,0°Ctortor 

RWR^^^CHX. LiN(iPr)2. THF, -78°C to rt 
where X is Br, I. or OSO2CF3 

30 

Scheme II illustrates several methods for converting 4-unsubstituted-5- 
(acylamino)-l-indanones (4a) and (7a) into 4-substituted derivatives suitable for 
subsequent construction of the fiised heteroaromatic ring. Bromination (step 1) of 
(4a) and (7a) provides the 4-hromo compounds (4b) and (7b) which can be converted 
35 (steg 2) into the 4-methyl derivatives (4c) and (7c) using Stille methodology. 
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Indanone (4a) also undergoes nitration (step 4) to produce (4d). Hydrolysis of the acyl 
group (step 5) followed by nitro reduction (step 6) affords the 4,5-diamino-l-indanone 
(4f). The 2-unsubstituted intermediates (7b) and (7c) are converted (step 3) to the 
corresponding 2-substituted compounds (4b) and (4c) using the combined aldol- 
5 reduction sequence described in Scheme L' When compounds (4a) or (7a) possess an 
open 6-position, bromination and nitration can also occur at that site. These 
byproducts are conveniently separated from the desired products by chromatography 
or crystallization. 

10 SCHEME n 




15 
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Representative reagents and reaction conditions indicated in Scheme II 
as steps 1-6 are as follows: 



Step 1 NBS, MeCN or DMF. 60°C 

5 

Step 2 Me4Sn, PdCl2(PPh3)2, PPh3, LiCl, DMF, 100°C 

Step 3 R^JC(0)R^^^. KOH, H2, 10% Pd/C, EtOH, rt or 

R^^C(0)R^^^, NaOMe, H2, 20% Pd(0H)2/C, MeOH or EtOH, 0 to 70^C 
Step 4 90%HNO3.-78°Cto0°C 



Step 5 HCl. H20-MeOH, 80°C 

Step 6 H2, 10% Pd/C, EtOH and/or EtOAc, rt 



Scheme DI illustrates methods for constructing the tetracyclic 
8,9,9a,10-tetrahydroindeno[2,l-^]indol-7(3^-one compounds of the present 
invention. In step 1, the 4-bromo indanone (4b) reacts with a vinyl ketone in the 
presence of base to provide the diketone (9). Cyclization of the diketone under acidic 
conditions (step 2 i) followed by re-acylation of the amino group (step 2 ii) yields a 
1.2,9,9a-tetrahydro-3//-fluoren-3-one intermediate (10) suitable for annulation of the 
pyrrole ring. This is accomplished in either of two ways. Intermediate (10) reacts 
with an allylating agent (step 3) and the N-allyl product (11) undergoes palladium 
catalyzed cyclization (step 4) to produce the tetracyclic product (12). Deacylation 
(step 5) of (12) affords a l-substituted-8,9,9a,10-tetrahydroindeno[2,l-e]indol-7(3i?)- 
one product (13). In the second approach,. intermediate (10) undergoes Stille coupling 
(step 6) with a vinyl stannane or vinyl borinate to produce (14) which is deacylated 
(step 7) to (15). Intermediate (15) undergoes palladium catalyzed cyclization (step 8) 
to provide a 2-unsubstituted or 2-substituted-8,9,9a,10-tetrahydroindeno[2,l-e]indol- 
7(3//)-one product (16). Product (16) can be subjected to selective electrophilic 
aromatic substitution (step 9) at the 1-postion to provide products of type (17). 
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where is H, Ci^alkyl, C2.6alkenyl, CF3, 0(Ci^alkyl), or N(Ci^alkyl)2 
R^isF.CI, Br,I,orN02 
R<^isHorCi.5alkyl 

Representative reagents and reaction conditions indicated in Scheme 
5 m as steps 1-9 are as follows: 

Step 1 CH2=CHC(0)CH2R^^, NaOMe, MeOH or EtOH, 0°C to 60°C 

Step 2 i) HCl, H2O-HOAC, 80°C to 100°C 
,10 u) AcCl, pyridine, CH2CI2, 0°C 

Steps RGCH=CHCH2Br,NaH,DMF.0''tort 

Step 4 Pd(PPh3)4 or Pd(OAc)2, PPhj, EtjN, DMAC, 90°C 

15 

Step 5 NaOMe, MeOH, 60°C 

Step 6 R^CH=CHSnBu3, PdCl2(PPh3)2, PhMe, 100°C 

20 Step 7 NaOH, H20-EtOH, rt to 100°C 

Step 8 PdCl2(MeCN)2. LiCl, benzoquinone, THF, 70°C to SCC 

Step 9 NCS, CH2CI2, rt R^ = CI 

25 HNO3, CH2CI2, rt R^ = NO2 

The principal method for constructing the tetracyclic 8,9,9a,10- 
tetrahydroindeno[2,l-e]indazol-7(3/0-one compounds of the present invention is 
summarized in Scheme IV. A 4-methyl-l-indanone (4c) reacts with a vinyl ketone 
30 under basic conditions (step 1) to provide the diketone (18). The diketone is then 
cyclized and deacylated under acidic or basic conditions (step 2) to afford the 7- 
amino-8-methyl-tetrahydrofluorenone intermediate (19). If excess vinyl ketone and 
DBU are used in step 1, the RONH group also reacts to form a 
ROnCH2CH2C(0)CH2R^ derivative. Both the Af-acyl and AT-alkyl groups are 
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removed in step 2 to give the amino product. Formation of the fused pyrazole ring is 
accomplished by treating (19) with a diazotizing reagent followed by cyclization of 
the diazo intermediate with KOAc and dibenzo-18-crown-6 (step 3). The tetracyclic 
product (20) can be further substituted at the 1-position by exposure to a suitable 
5 electrophilic reagent (step 4) in the presence of a base to provide products of type 
(21). 

SCHEME rV 




Representative reagents and reaction conditions indicated in Scheme 
IV as steps 1-4 are as follows: 

15 

Step 1 CH2=CHC(0)CH2R^, DBU, TEIF, rt to 60°C or 

CH2=CHC(0)CH2R^^, NaOMe, MeOH or EtOH, 0°C to 60°C 

Step 2 HCI, H2O-HOAC, 80°C to 100°C or 

20 i) pyrrolidine, HO Ac, THF and/or PhMe, 80°C to 100°C 

ii) NaOMe, MeOH-EtOH, rt or NaOH, H20-EtOH, 90-100°C 
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Step 3 i) NOBF4, CH2CI2, -45°C to lO'C 

ii) KOAc, dibenzo-18-crown-6, CH2CI2, -40°C to rt or 



5 



i) NaNO2,HCl,H2O-HOAc,0°C 

ii) KPF6 

iii) KOAc, dibenzo-18-crown-6, CDCI3, rt 



10 



Step 4 NCS, NaOH, EtOH, rt 
Br2, NaOH, EtOH, rt 



R^ = C1 
R^ = Br 



Scheme V shows a method of synthesis of tetrahydroindeno[2,l- 



e]indazol-7(3H)-one compounds in which the R^substituent is introduced onto a 
preformed tricyclic ring system. The 4-unsubstituted tetrahydrofluorenone 

15 intermediate (22), which itself is prepared by cyclization (see Scheme IV, step 2 i) of 
intermediate (18) wherein R^^ is hydrogen, undergoes chlorination, bromination, or 
iodination (step 1) to afford the 4-halo intermediates (23). Deacylation (step 2) 
followed by pyrazole ring formation affords the 6-halo4etrahydroindeno[2,l- 
e]indazol-7(3iT)-one products (20a). The pyrazole group undergoes //-protection 

20 (step 3) to give a mixture of 2- and 3-substituted derivatives (24a) and (24b) which 
can be used as is or which can be separated and used independently. The AT-protected 
intermediates are converted by established methods (step 4) into a variety of new 
derivatives (25) wherein R^^^ is, inter alia, an alkyl, alkenyl, alkynyl, aryl, heteroaryl 
or arylalkyl group. Removal of the i\^-protection (step 5) affords the products (20b). 

25 Alternatively, the tetracyclic products (20a) undergo addition-elimination reactions 
(step 6) at the 6-position to provide products (20b) wherein R^ is, inter alia, a CN, 
OR^, NR^R^, or SR^ group. If the group R^^ is, or contains, a functional group 
capable of further modification, such modifications can be carried out to produce 
additional derivatives. For example, if R^^ is an alkenyl group, it can be reduced by 

30 catalytic hydrogenation to an alkyl group. 



35 
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SCHEME V 




Step 1 NCS, CCI4, rt R/Va = q 

Bt2, NaHCOj, CH2CI2 or CCI4, 0°C to rt R^Va = gr 

I2, NaHCOg, H2O, CH2CI2, rt RiVa = i 

Step 2 NaOMe.MeOH and/or EtOH,rt to 80°C or 
NaOH,H20-EtOH. 100°C 
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Step 3 TsCl, DMAP, CH2CI2, 0°C to rt R/* = Ts 

SEM-Cl,NaH,DMF,0°Ctort RP = SEM 

5 Step 4 R^VfeSnBug, PdCl2(PPh3)2, PhMe. 100-1 10°C or RlVb = alkenyl, 

R^Vi-SnBus, Pd(PPh3)4, PhMe, 100°C or aryl, or heteroaiyl 
R^^B(OH)2,PdCl2(PPh3)2,Cs2C03.DMF, 100°C or 
R^^^'B(0H)2, Pd(PPh3)4, aq Na2C03, PhMe, 80°C 

10 (R^^)3B,PdCl2(dppf)-CH2Cl2, R^* = alkyl 

PhgAs, CS2CO3, H2O, THF, DMF, rt to 60°C 

R^Sn(CH2CH2CH2)3N,Pd(PPh3)4, R^''* = alkenyl, 

PhMe,100°C alkyI.oraiylalkyl 



15 



R^^^-H, Pd(OAc)2(PPh3)2. EtjN, dioxane, RiVb = alkenyl, 

80°C tol00°C 



Step 5 NaOH, H20-EtOH, rt for R^ = Ts 
20 BU4NF, THF, rt to 50°C or 

HCl. H20-MeOH, 65°C to 85°C for R'' = SEM 

Step 6 CuCN, NMP or DMAC, 160°C RiVb = CN 



25 The 8,9,9a,10-tetrahydrofluoreno[l,2-<Iimidazol-7(3fl)-one 

compounds of the present invention are prepared as outlined in Scheme VL The 4,5- 
diamino-l-indanone (4f) reacts with an orthoacetate or equivalent reagent (step 1) to 
provide die 7,8-dihydroindeno[4,5-4]imidazol-6(3/0-one intermediate (26). This 
compound undergoes AT-protection (step 2) , Michael reaction with a vinyl ketone 

30 (step 3), and cyclization (step 4) to afford the tetracyclic product (29). If the product 
is unsubstituted at the 6-position (see 29a), it can be brominated (step 5) and the 6- 
bromo product (29b) converted to a variety of 6-substituted products (29c) by the 
methods previously described in Scheme V. 
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SCHEME VI 





IVb o 



Scheme V R 
(steps 3-5) 



(29a) 



(29b) 




5 Representative reagents and reaction conditions indicated in Scheme 

VI as steps 1-5 are as follows: 

Step 1 (EtO)3CH, EtOH, 80°C 



10 



Step 2 (Boc)20, EtgN. DMAC, THF. rt = Boc 



Step 3 CH2=CHC(0)CH2R^1^, DBU, THP, 60°C to 70°C 



15 



Step 4 HCl, H2O-HOAC, 100°C or 

i) pyrrolidine, HOAc, PhMe, 85°C to 100°C 
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ii)HCl,H20-EtOAc,rt 
Step 5 Br2, NaHCOa, CCI4, O^C RiVa = gj. 

Two methods for constructing the tetracyclic 8,9,9a,10- 
5 tetrahydrofluoreno[l,2-^f|[l,2,3]triazol-7(3/Z)-one compounds of the present invention 
are illustrated in Scheme VH. Diazotization (step 1) of the 4,5-diamino-l-indanone 
(4f) produces a 7,8-dihydroindeno[4,5-^r][l,2,3]triazol-6(3f0-one intennediate (30). 
This material reacts with a vinyl ketone in the presence of base (step 2) to provide the 
diketone (31) which is cyclized under acidic conditions (step 3) to afford the 
10 tetracyclic product (32). Alternatively, the tricyclic triazole (30) is A^-protected to give 
a mixture of products (33). This mixture can be resolved into its individual isomers 
(33a), (33b) and (33c) and each processed separately, or mixtures of the isomers can 
be used in the subsequent steps. Stmcture (33) implies either of these possibilities. 
Michael reaction of intennediate (33) with a vinyl ketone (step 5) followed by 
15 . diketone cyclization under mild conditions (step 6) yields the A^-protected tetracyclic 
intermediate (35) which is deblocked (step 7) to afford the product (32). 

Representative reagents and reaction conditions indicated in Scheme 
Vn as steps 1-7 are as follows: 

20 Step 1 NaN02, HCl, H20-EtOH, 0°C 

Step 2 CH2=CHC(0)CH2R^^, NaOMe, MeOH, 70°C to 75°C 

Step 3 HCl, H2O-HOAC, 100°C 



25 



30 



Step 4 SEM-Cl, NaH, DMF, OX to rt = SEM 

PMB-Cl, NaH, DMF, 0°C to rt R^ = PMB 

Step 5 CH2=CHC(0)CH2R^^ , DBU, THF, 50°C to 60°C 

Step 6 pyrrohdine, HOAc, PhMe, 90^*0 to 100°C 

Step 7 BU4NF, THF, rt to 50°C or 
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HCl, H2O-HOAC, 65°C to 85°C for = SEM 
CF3CO2H, 65°C to 15°C for = PMB 

SCHEMEVn 

5 




Scheme Vm illustrates alternative methods for preparing 6-substituted 
tetrahydrofluorenotl,2-ii][l,2,3]triazol-7(3/0-one compounds from i\^protected-6- 
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unsubstituted tetracyclic intermediates of type (35) wherein R^^is hydrogen. 
Halogenation of (35a) affords the 6-haIo intermediates (35b) that are deblocked to 
products (32a), As previously described in Scheme V, the halo intermediates also 
serve as precursors to a v^ide variety of 6-substituted intermediates (35c) and 
5 deblocked products thereof (32b) wherein R^^ is, inter alia, an alkyl, alkenyl, alkynyl, 
aryl, heteroaryl, arylalkyl, or cyano group. 



Scheme Vm 




Methods for introduction of substituents at the 8-position of the four 
classes of tetracyclic products are illustrated in Schemes IX and X. In step 1 of 
Scheme IX, the fused pyrrole (Y=CR®, Z=CRf), pyrazole (Y=N, Z=CRf), imidazole 

15 (Y=CR^, 2^N), or triazole (Y=N, Z=N) ring is iV-protected using any of a number of 
well known groups. When the fused heteroaryl ring contains more than one nitrogen 
atom, positional isomers as indicated by the stmctures (37a), (37b) and (37c) are 
possible. These isomers can be used as mixtures or they can be separated and used 
independently in the following steps. Structure (37) represents these possibilities. In 

20 general terms, the iV^protected-8-unsubstituted tetracyclic intermediate (37) is treated 
with a strong base and the resulting ketone enolate is trapped with an appropriate 
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electrophilic reagent (step 2). If the electrophile is an alkylating agent of the type 
R^^X, then both monoalkylated (38) and dialkylated (39) products are obtained, 
depending on the specifics of the reaction conditions. The monoalkylated derivatives 
can be converted to disubstituted products (40) using the same or a different 
5 electrophilic reagent (step 3). Subsequent removal of the //-protecting group leads to 
a variety of products (41)-(43) v/herein and R^^ are, inter alia, alky], alkenyl, 
hydroxy, bromo, and iodo groups. Where appropriate, the newly introduced 8- 
substituent can be further manipulated to produce additional derivatives. For 
example, an allyl group can be oxidized to CH2CHO group which can be reduced to a 
10 CH2CH2OH group in a second step. 
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Scheme IX 
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Representative reagents and reaction conditions indicated in Scheme 
IX as steps 1-4 are as follows: 

Step 1 TsCl, DMAP, CH2CI2, 0°C to rt = Ts 

SEM-Cl,NaH,DMF,0°Ctort R^ = SEM 

PMB-CI.NaH,DMF,0°Ctort R^ = PMB 

Step 2 R^«X, NaH, DMF. 0°C to rt (X = Br, 1) or R^« = alkyl, alkenyl 
LDA, THF, 0°C then R^«X. -78°C to rt 

i) LDA. THF, 0°C then TMSCl, -78°C to rt RV" = OH 

ii) MCPBA, NaHCOa, CH2CI2, rt 

I2; pyridine, CH2Cl2,rt to 60°C or RVa = I 

15 LDA, THF, 0°C then I2, -78°C to rt 

Step 3 same as step 2 except use R^X to introduce 
a different alkyl or alkenyl group 

20 Step 4 NaOH,H20-EtOH,rt forR'' = Ts 

BU4NF, THF, rt to 50°C or 

aq HCl, MeOH or HOAc, 65°C to 85*»C for R^ = SEM 

CF3CO2H, 65»C to 75°C or 

aq HCl, HOAc, lOO'C for R^* = PMB 

25 

As shown in Scheme X, the ketone enolate of (37) can also be trapped with 
aldehydes (step 1) to afford, after deblocking, 8-alkylidene (46) and 8-hydroxyalkyl 
(47) products. Scheme X also illustrates a special case of C-8 functionalization that 
provides for 8,9a-bridged products of type (50). In this case, R^^ of (48) is an 
30 unsubstituted or substituted alkyl group containing an electrophilic moiety such as an 
iodo, bromo, methylsulfonyloxy, aldehyde or keto group. Enol generation at C-8 (step 
2) is followed by intramolecular reaction at the R^^ electrophilic center to afford a 
bridged product of type (49). This compound can be deblocked or modified and then 
deblocked to provide the product (50). For example, if R^^^ is a hydroxy group, 



-43- 



wo 02/41835 



PCT/USOl/44010 



modifications include acylation, oxidation, dehydration, or dehydration followed by 
reduction. 



Scheme X 



5 




where R^^ is H, Ci.6alkyl, or C2.6alkenyl 
R^^^^isHorCi^galkyl 
R^^^isHorOH 

10 

Representative reagents and reaction conditions indicated in Scheme X 
as steps 1 and 2 are as follows: 
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Step 1 RVcchO, KOH, MeOH or EtOH, rt or 

LDA, THF, 0°C then R^^CHO, -78^C to rt or 
EtOCHO, NaH, PhH, rt (gives 14, R^^ = OH) 

5 

Step 2 LDA, THF, -78°C to rt or 
NaH, DMF, 0°C to rt or 
DBU, PhMe, 80X to 100°C 



Tetracyclic products bearing substituents at the 10-position are 
prepared by the methods summarized in Scheme XI. Fused pyrazole compounds (39, 
Y=N, Z=CRf) are oxidized (step 1) by //-halosuccinimide reagents and the like to 

15 afford 10-halo (51) and 10-oxo (52 ) products. Alternatively, the 10-oxo product (52) 
is available by potassium persulfate oxididation of (39). The 10-haIo products 
undergo displacement reactions with suitable nucleophilic reagents (step 2) to afford 
additional products of type (53). 10-Alkyl, alkenyl and alkynyl products of structure 
(55) are best piepared starting from the appropriate 3-substituted indanone (54) and 

20 using the procedures described in Schemes lU-VIII. If desired, this methodology can 
be extended to the preparation of 10,10-disubstituted products. 
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Representative reagents and reaction conditions indicated in Scheme 
5 XI as steps 1 and 2 are as follows: 



10 



Step 1 i) NCS or MBS. CH2CI2, rt 
ii) aqueous workup or 
K2S208,H20,MeCN,rt 

Step 2 i) NaN3, DMF, rt to 80°C 
ii) H2S, piperidine, EtOH, rt 
NaOMe, MeOH, rt to TO'C 



RV7a = ciorBr 
RV7a = OH+(52) 

RWfc = OMe 
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Modifications to the C-7 ketone are outlined in Scheme XH for the 
generic tetracyclic compound (56) in which RQ is hydrogen or an A^-protecting group. 
In step 1, the ketone is reacted with a hydroxy] amine, alkoxyamine, or hydrazine 
5 reagent to yield the 8-imino products (57). These compounds are typically obtained 
as separable mixture of E- and Z-isomers about the imino double bond. Ketone (56) 
also reacts with ylide reagents (step 2) to afford 3-alkylidene derivatives (59). If 
necessary, deblocking of the A^-protecting group affords the products (58) and (60). 



10 



Scheme XII 



jv o 





(57) 



R^- Y^Z R 

(59) 




Representative reagents and reaction conditions indicated in Scheme 
15 Xn as steps 1 and 2 are as follows: 

Stepl NHsORa-HCl, pyridine, rt to 60^C R^^^ = ORa 

NHjNRaRb, EtOH, rt R = NRaRb 



20 



Step 2 Ph3P+CH2R^^^^ Br"", BuLi, THF, 0 to 50**C 



-47- 



wo 02/41835 



PCT/USOl/44010 



Methods for the preparation of tetracyclic products bearing an alkenyl 
substituent at the 9a-position are outlined in Scheme XIIL A 2-alkylidene-l-indanone 
intermediate of type (8), wherein R^^ is a carbon atom substituted with at least one 
hydrogen atom, reacts with a vinyl ketone in the presence of base to afford the 
5 diketone (61). Alternatively, indanone (8) is converted to the tricyclic dione (64) via 
intermediate (63). Diones (61) and (64) can be processed according to the methods 
outlined in Schemes III, IV, VI, and VII into tetracyclic products of type (62). 

Scheme XIII 

10 




Also implied, but not discussed, in the foregoing schemes is an option 
for the preparation of 9-substituted tetracyclic products. These are obtained by 
15 substituting R^^CH=CHC(0)CH2R^^, where R^ is a Cuoalkyl or C2.ioalkenyl 
group, for the CH2=CHC(0)CH2R^ reagent in Schemes HI, IV, VI, and VH. In 
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general, use of the R^^ substituted vinyl ketone requires more vigorous reaction 
conditions, that islonger reaction times and/or higher temperatures, when compared to 
reactions using the unsubstituted vinyl ketone. 

In Schemes I-XHI, the various R groups often contain protected 
5 functional groups which are deblocked by conventional methods. The deblocking 
procedure can occur at the last step or at an intermediate stage in the synthetic 
sequence. For example, if one of R^is a methoxyl group, it can be converted to a 
hydroxyl group by any of a number of methods. These include exposure to BBr3 in 
CH2CI2 at -78°C to room temperature, heating with pyridine hydrochloride at 190- 

10 200°C, or treatment with EtSH and AICI3 in CH2CI2 at 0°C to room temperature. 
Another example involves the use of methoxymethyl (MOM) protection of alcohols 
and phenols. The MOM group is conveniently removed by exposure to hydrochloric 
acid in aqueous methanol. Other well known protection-deprotection schemes can be 
used to prevent unwanted reactions of functional groups contained in the various R 

15 substituents. 

The following specific examples, while.not limiting, serve to illustrate 
the methods of preparation of the tetracyclic compounds of the present invention. All 
compounds prepared are racemic, but can be resolved if desired using known 
methodologies. 

20 
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EXAMPLE 1 

SYNTHESIS OF9a-ETHYL-L6-DIMETHYL--8,9.9a,lQ- 
TETRAHYDROINDENQr2.1-g1INDOL-7f3H)-ONE 




Me 



5 Step 1: 5-('acetvIaminoV2-ethvl-l-indanone 

A suspension of 5-(acetylaimno)-'l-indanone (2.00 g, 10.46 mmol) in 
ethanol (42 mL) was treated with a 0.5M solution of sodium raethoxide in methanol . 
(4.20 mL, 2.1 mmol). The mixture was wanned to give a solution which was treated 

10 with 20% palladium hydroxide on carbon (200 mg). The mixture was sonicated for 
10 seconds, then cooled in an ice bath, placed under a hydrogen atmosphere, and 
treated with acetaldehyde (1.17 mL, 20.9 mmol). The cooling bath was removed and 
the mixture was stirred under a hydrogen atmosphere at room temperature for 5.5 
hours. The catalyst was removed by filtration and the filtrate was concentrated under 

15 vacuum to a gum. This material was taken up in EtOH (50 mL) and the mixture 

evaporated under vacuum. The residue was partitioned between EtO Ac (50 mL) and 
brine (50 mL) containing aqueous 2N HCl (5 mL). The organic phase was dried over 
MgS04, filtered, and evaporated under vacuum to afford crude 5-(acetylamino)-2- 
ethyl-l-indanone (2. 17 g) as a foam. The NMR spectrum revealed the presence of 

20 minor amounts of 5-acetamido-2-ethyl-2-(l-hydroxyethyl)-l-indanone diastereomers 
in the crude product. 

Step 2: 5-(acetvlamino)-4-bromo-2-ethvl-l-indanone 

25 A solution of crude 5~(acetylamino)-2-ethyl-l-indanone (2.17 g) in 

anhydrous dimethylformamide (10.5 mL) was treated with //-bromosuccinimide (1.86 
g, 10.46 mmol). The resulting solution was stirred and heated in an oil bath at eO^'C 
for 5 hours, then allowed to cool and stirred at room temperature overnight The 
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solvent was evaporated under vacuum. The residue in EtOAc (100 inL) was washed 
with water (4 x 100 mL) and brine (50 mL), dried over MgS04, filtered, and 
evaporated under vacuum to afford crude 5-(acetylamino)-4-bn>mo-2-ethyl-l- 
indanone (2.40 g) as a foam. The NMR spectrum revealed the presence of minor 
5 amounts of the 6-bromo and 2,4-dibromo byproducts in the crude product. 

Step 3: 5-amino- 4-bromo-2-ethv]-2-G-oxopentvn-l-indanQne 

A solution of crude 5-(acetylamino)-4-bromo-2-ethyl-l-indanone (1.20 
10 g) in anhydrous methanol (13 mL) was treated with ethyl vinyl ketone (0.65 mL, 6.54 
mmol) and 0.5M sodium methoxide in methanol (2.6 mL, 1.3 mmol). The resulting 
solution was stirred under a nitrogen atmosphere and heated in an oil bath at 60°C for 
4 hours and then stirred at room temperature for 2.5 days. The mixture was 
partitioned between EtOAc (50 mL) and water (50 mL). The organic phase was 
15 . washed with brine (25 mL), dried over MgS04, filtered, and evaporated under 

vacuum to an oil (1.6 g). The crude product was purified by column chromatography 
on EM silica gel 60 (230-400 mesh, 2.75 x 26 cm) using 5% EtOAc in CH2CI2 as the 
eluting solvent. The product containing fractions were combined and evaporated 

under vacuum to provide 5-amino-4-bromo-2-ethyl-2-(3-oxopentyl)-l-indanone (0.65 
20 g) as an oil. 

Step 4: 7-amino-8-bromo-9a-et hvM-methvl-L2,9,9a-tetrahvdro-3g-fluoren-3-one 

A solution of 5-amino-4-bromo-2-ethyl-2-(3-oxopentyl)-l-indanone 
25 (650 mg) in acetic acid (10 mL) was diluted with aqueous 6N HCl (10 mL). The 
mixture was stirred and heated in an oil bath at 80°C for 8 hours and then stirred at 
room temperature overnight. The mixture was partitioned between EtOAc (100 mL) 
and aqueous K2CO3 (200 mL). The organic phase was dried over MgS04, filtered, 
and evaporated under vacuum to provide 7-amino-8-bromo-9a-ethyl-4-methyl- 
30 l,2,9,9a-tetrahydro-3i/-fluoren-3-one (568 mg) as an oil. 

Step 5: 7-(acetvlaminoV8~brQm o-9a-ethvl-4-methvl.l.2.9.9a-tetrahvdro-3g-fluoren- 
3-one 
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An ice-cold solution of 7-amino-8-bromo-9a-^thyl-4-methyl- 1,2,9,9a- 
tetrahydro-3H-fluoren-3-one (548 mg, 1.71 mmol) in anhydrous dichloromethane (6.8 
mL) was treated successively with pyridine (0.208 mL, 2.57 mmol) and acetyl 
chloride (0.146 mL, 2.05 nmiol). After stirring at 0°C for 30 minutes, the mixture 
5 was partitioned between EtOAc (50 mL) and water (50 mL) containing aqueous 2N 
HCl (5 mL), The organic phase was washed with brine, dried over MgS04, filtered, 
and evaporated under vacuum to afford 7-(acetylamino)-8-bromo-9a-ethyl-4-methyl- 
l,2,9,9a-tetrahydro-3//-fluoren-3-one (600 mg) as a solid. 

10 Step 6: 7-rJV-allvl(acetvlamino)1-8-brQmo-9a-ethvl-4-methvl-l ,2,9,9a-tetrahvdro-3g- 
fluoren-3-one 

Sodium hydride (6.5 mg of a 61.1% dispersion in mineral oil, 0.165 
mmol) and allyl bromide (0.013 mL, 0.152 mmol) were added to an ice-cold solution 

15 of 7-(acetylamino)-8-bromo-9a-ethy]-4-methyI-l ,2,9,9a-tetrahydro-3H-fluoren-3-one 
(50 mg, 0.138 mmol) in anhydrous dimethylformamide (0.55 mL). The mixture was 
stirred under a nitrogen atmosphere with ice bath cooling for one hour. The mixture 
was partitioned between EtOAc ( 30 mL) and water (30 mL). The organic phase was 
washed with water (3 x 30 mL) and brine (10 mL), dried over MgS04, filtered, and 

20 evaporated under vacuum to afford 7-[iV-allyl(acetylamino)]-8-bromo-9a-ethyl-4- 
methyl-l,2,9,9a-tetrahydro-3if-fluoren-3-one (50 mg) as an oil. 

Step 7: 3-(acefy1a minoV9a-ethvl-L6-dimethvl-8.9.9a.l0-tetrahvdrDindenor2J- 
g1indol-7(3fl)-one 

25 

A solution of 7-[A^-allyl(acetylamino)]-8-bromo-9a-ethyl-4-methyl- 
l,2,9,9a-tetrahydro-3Jy-fluoren-3-one (50 mg, 0.124 mmol) in anhydrous NJ^- 
dimethylacetamide (0.5 mL) was treated with triethylamine (0.035 mL, 0.249 mmol), 
tetrakis(triphenylphosphine)palIadium(0) (7 mg, 0.0062 mmol) and 
30 triphenylphosphine (6.5 mg, 0.025 mmol). The mixture was stirred under a nitrogen 
atmosphere and heated in an oil bath at 90°C for 20 hours. TLC showed mainly 
starting material. The mixture was treated with palladium(II) acetate (5 mg, 0.022 
mmol) and triethylamine (0.100 mL, 0.72 mmol) and stirred under a nitrogen 
atmosphere and heated at 90°C for 3.25 hours. TLC showed partial conversion to 
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products. Additional palladium(II) acetate (50 mg, 0.22 nunol), triphenylphosphine 
(25 mg, 0.095 nunol) and triethylamine (0.100 mL, 0.72 mmol) were added and the 
mixture was then stirred and heated at 90°C for an additional 1.75 houra. After 
coohng to room temperature, the mixture was evaporated under vacuum and the 
5 residue was partitioned between EtOAc ( 30 mL) and water (30 mL). Hie organic 
phase was washed with water (4 x 30 mL) and brine (10 mL), dried over MgS04, 
filtered, and evaporated under vacuum to an oil (100 mg). The crude product was 
purified by preparative layer chromatography on two 0.1 x 20 x 20 cm silica gel GF 
plates, developing with 5% MeOH in CH2CI2. Two major UV visible bands were 
10 removed, eluted with 10% MeOH in CH2CI2, and the eluants evaporated under 
vacuum. The slower moving band afforded an oil (20.2 mg) that was tentatively 
identified as 3-acetamido-9a-ethyl-6-methyl-l-methylene-2,3,8,9,9a,10- 
hexahydroindeno[2,l-e]indol-7(lfl)-one by NMR. The faster moving band provided 

3Kacetylaniino)-9a-ethyl-l,6-dimethyl-8,9,9aJ0-tetrahydroindeno[2,l-e]indol-7(3 
15 one (19.3 mg) as an oil. 

Step 8: 9a-ethvl-L6-dimethvl-8.9.9aJ0-tetrahvdroindenor2.1>>g1indol-7f3/ri-one 

A solution of 3-(acetylamino)-9a-ethyl-l,6-dimethyl-8,9,9a,10- 
20 tetrahydroindeno[2,l-e]indol-7(3/r)~one (19 mg, 0.059 mmol) in 0.5M sodium 

methoxide in methanol (0.25 mL, 0.125 mmol) was stirred and heated in an oil bath at 
60°C for 50 minutes. After cooling to room temperature, the reaction mixture was 
purified by preparative layer chromatography on a 0. 1 x 20 x 20 cm silica gel GF 
plate, developing with 5% MeOH in CH2CI2. The major UV visible band was 
25 extracted with 10% MeOH in CH2GI2 and the extracts were evaporated under vacuum 
to an oil. The oil was lyophilized from benzene to afford 9a-ethyl-l,6-dimethyl- 
8,9,9a,10-tetrahydroindeno[2,l-£]indol-7(3ii]0-one (8.2 mg) as an amorphous solid. 

NMR (CDCI3, 500 MHz) 6 0.88 (t, CH2CH5), L55 and 1.69 (two m, CH2CH2\ 
30 2.06 and 2.31 (two ddd, 9-CH21 2.16 (s, 6-CH3X 2.48 (s, I-CH5), 2.50 and 2.61(two 
ddd, S-CH2), 3.03 and 3.46 (two d, lO-C/^2)' 6.99 (s, 7.28 (d, HA), 7.59 (d, H- 
5) and 8.05 05rs,Ni?). 
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EXAMPLE2 

SYNTHESIS OF9a-ETEm^-6-METHYT^R 9 9aJ0-TETR^ 

e1INDOL-7(3g)-ONE 




5 Ste2Jj_J7z(acetjdai^^ 
one 

A mixture of 7-(acetylamino)-8-bromo-9a-ethyM-methyl-l, 2,9,9a- 
tetrahydro-3i7-fluoren-3-one. (200 mg, 0.55 mmol), txibutyl(vinyl)tin (0.192 mL, 0.66. 
nunol), and dichlorobis(triphenylphosphine)palladium(n) (19 mg, 0.0275 mmol) in 

10 anhydrous toluene (1.1 mL) was placed under a nitrogen atmosphere and stirred with 
heating in a 100°C oil bath for 14.5 hours. After cooling to room temperature, the 
mixture was diluted with CH2CI2 (1 mL) and the solution was streaked onto three 0.1 
X 20 X 20 cm silica gel GF plates which were developed with 5% MeOH in CH2CI2. 
The UV visible product band was extracted with 10% MeOH in CH2CI2 and the 

15 extracts were evaporated under vacuum to provide 7-(acetylamino)-9a-ethyl'4- 

methyI-8-vinyH,2,9,9a-tetrahydro-3ir-fluoren-3-one (143 mg, 84% yield) as an oil. 

Step 2: 7-aniino-9 a-ethvl-4-methvl~8-vinvl-L2,9.9a-tetrahvdro-3g-fluoren-3-one 

20 Aqueous 5N sodium hydroxide (0.231 mL, 1.16 nmiol) was added to a 

suspension of 7-(acetylamino)-9a-ethyl-4-methyl-8-vinyl-l,2,9,9a-tetrahydro-3H- 
fluoren-3-one (143 mg, 0.46 mmol) in ethanol (3 mL). The nndxture was stiired and 
heated in an oil bath at 80^C for 17.3 hours. After cooling to room temperature, the 
mixture was partitioned between EtOAc (20 mL) and brine (30 mL) containing 

25 aqueous 2N HCl (2 mL). The organic phase was dried over MgS04, filtered, and 
evaporated under vacuum to an oil (150 mg). The crude product was purified by 
preparative layer chromatography on two 0.1 x 20 x 20 cm silica gel GF plates tiiat 
were developed with 5% MeOH in CH2CI2. The UV visible product band was 
extracted with 10% MeOH in CH2a2 the extracts were evaporated under 
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vacuum. The residue was lyophilized from benzene to afford 7-amino-9a-ethyl-4- 
methyl-8-vinyl-l,2,9,9a-tetrahydro-3f^fluoren-3-one (92 mg, 75 % yield) as an 
amorphous solid. 

5 Step 3: 9a-ethvl-6-methvl-8,9,9aJ0-tetrahvdroindenor2J-glindol-7(3H)-one 

A mixture of 7-amino-9a-ethy]-4-methyl-8-vinyl-l,2,9,9a4etrahydro- 
3i?-fluoren-3-one (70 mg, 0.26 mmol), bis(acetonitrile)dichloropalladium(]I) (13.6 
mg, 0,052 mmol), lithium chloride (42 mg, 0.99 mmol), benzoquinone (33.7 mg, 

10 0.3 12 mmol), and anhydrous tetrahydrofuran (2.6 mL) was placed under a nitrogen 
atmosphere. The mixture was stirred and heated in an oil bath at 70°C for 30 hours, 
then allowed to cool to room temperature. The solvent was evaporated under vacuum 
and the residue was purified by preparative layer chromatography on a 0.1 x 20 x 20 
cm silica gel GF plate that was developed with 5% MeOH in CH2CI2. The UV 

15 visible product band was eluted with 5% MeOH in CH2CI2, the eluant evaporated 
under vacuum, and the residue lyophilized from benzene to afford 9a-ethyl-6-methyl- 
8,9,9a, 10-tetrahydroindeno[2,l-g]indol-7(3£0-one (27.9 mg, 40% yield) as an 
amorphous solid. 

20 NMR (CDCI3. 500 MHz) 5 0.88 (t, CH2CH3), 1.53 and 1.69 (two m, C^2CH3), 
2.06 and 2.32 (two ddd. 9-CH2), 2.16 (s, e-Cffj), 2.50 and 2.61(two ddd, 8-CH2), 
2.88 and 3.24 (two d, 10-0^2). 6.59 (m, H-IX 7.28 (m, H^2\ 7.37 (d, H-4), 7.64 (d, 
. ff-5) and 8.37 (brs,NfO. 

25 
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EXAMPLE3 

SYNTHESIS OF NCHLQRO-9a-ETHYL-6-MEniYL--8.9.9a-10- 
TEIllAHYDROINDENOr2,l-g1INDOL-7f3H)-ONE 




"5 A solution of 9a-ethyl-6-inethyl-8,9,9a,10-tetrahydroindeno[2,l- 

e]indol-7(3fl)-one (15 mg, 0.057 mmol) and iV-chlorosuccinimide (NCS, 8.4 mg, 
0.063 mmol) in anhydrous dichloromethane (0.5 mL) was stirred at room temperature. 
After 145 minutes, additional NCS (1 mg , 0.0075 mmol) was added and stirring at 
room temperature was continued for 40 minutes. The reaction mixture was combined 

10 with a similar reaction using 5.2 mg (0.019 mmol) of starting material and the total 
crude was purified by preparative layer chromatography on a 0.1 x 20 x 20 cm silica 
gel GF plate. The plate was developed with 20% EtOAc in hexanes. The product 
containing band was eluted with EtOAc, the eluant evaporated under vacuum, and the 
residue lyophilized from benzene to afford l-chloro-9a-ethyl-6-methyl>8,9,9a,10- 

15 tetxahydroindeno[2,l-^]indol-7(3i?)'-one (15 mg, 66% yield) as an amorphous solid. 

IH NMR (CDCI3, 500 MHz) 5 0.89 (t, ^30^5), 1.53 and 1.68 (two m, CH2CH3), 
2.05 and 2.32 (two ddd, 9-Ci?2)> 2.15 (s, 6-CH5), 2.50 and 2.61(two ddd, S-C/^s), 
3.04 and 3.63 (tWo d, IO-CH2X 7.20 (d, H-2), 7.31 (d, H^X 7.64 (d, H-5) and 8.36 (br 
20 s,Ni?). 
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EXAMPLE 4 

SYNTHESIS QF9a-ETHYL-6-METHYL-l-NITRO-8.9.9a.lQ- 
TETRAHYDROINDENOr2.l-e1INDOL-7f3g)-ONP. 




NO2 



• 5 A solution of 9a-ethyl-6-methyl-8,9,9a,10-tetrahydroincIeno[2,l- 

e]indol-7(3fl)-one (11.8 mg, 0.044 mmol) in anhydrous dichloromethane (0.5 mL) 
was treated with 90% nitric acid (0.004 mL). The resulting dark solution was stirred 
at room temperature for 10 minutes and then partitioned between EtOAc (6 mL) and 
water (4 mL). The organic phase was washed with brine (5 mL), dried over MgS04, 

10 filtered, and evaporated under vacuum. The crude product was purified by 

preparative layer chromatography on two 0.025 x 20 x 20 cm silica gel GF plates 
which were developed with 5% MeOH in CH2a2. The product band was extracted 
with 10% MeOH in CH2CI2, the extracts were evaporated under vacuum, and the 
residue was lyophilized from benzene to provide 9a-ethyl-6-methyl-l-nitro-8,9,9a,10- 

15 tetrahydroindeno[2,l-e]indol-7(3/0-one (1.9 mg) as an amorphous, brown solid. 

IR ISMR (CDCI3, 500 MHz) 5 0.87 (t, CH2C//5), 1.50 and 1.66 (two m, CH2CR2X 
2.07 and 2.35 (two ddd, 9-CH2), 2.15 (s, 6-CH3), 2.52 and 2.62(two ddd. S-CH2), 
3.27 and 3.80 (two d, 10-Cff2). 7.40 (d, H-4), 7.77 (d, H-5). 8.27 (d, H-2), and 9.05 
20 (brs,Nfl). 
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EXAMPLES 

SYNTHESIS OF 6-ACEtYL-9a-BUTYL-4-FLUORO-8.9.9a.lO- 
TETRAHYDROINDENQf2,l-g1INDQL-7f3HVONE 




5 Step 1: jV-(4-bromo-2-fluoropheiivlV2,2-dimethvIpropanaimde 

Pivaloyl chloride (72 mL, 580 irnnol) was added slowly (caution - 
exothermic reaction) to an ice cold solution of 4-bromo-2-fluoroaniline (100 g, 526 
mmol) in pyridine (200 mL). After the addition, the ice bath was removed and the hot 
10 reaction mixture was stirred at room temperature for 30 minutes. The mixture was 
poured into cold water (500 mL) and the precipitated product was collected by 
filtration and washed with IN HCl. The solid was dissolved in EtOAc (1 L), dried 
over MgS04, filtered, and concentrated under vacuum to provide //-(4-bromo-2- 
fluorophenyl)-2,2-dimethylpropanamide (125 g). 

15 

Step 2: A^-r 2-fluoro-4-f l>hvdroxvhexvl)phenvl1>-2,2~dimethvlpropanamide 

A solution of iV-(4-bromo-2-fluorophenyl)-2,2-dimethylpropanamide 
(22.6 g, 82.5 mmol) in anhydrous tetrahydrofiiran (410 mL) was placed under a 

20 nitrogen atmosphere, cooled in a dry ice-acetone bath, and stirred while butyllithium 
(83 mL of a 2.5M solution in hexanes, 207.5 mmol) was added dropwise by syringe 
pump over 2.5 hours. The resulting mixture was aged at -78°C for 30 minutes and 
then treated with hexanal (25 mL, 208 namol) added dropwise by syringe pump over 
135 minutes. After stirring at -78''C for an additional 70 minutes, the mixture was 

25 removed from the cooling bath, treated with aqueous 50% saturated NH4CI, and the 
layers separated. The aqueous portion was extracted with EtOAc. The combined 
organics were washed with aqueous NaHC03 and brine, dried over MgS04, filtered, 
and concentrated under vacuum to an oil. The crude product was purified by flash 
chromatography on a Biotage 75LKP-Sil column, eluting with 4:1 hexanes-ROAc 
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(25 X 400 mL fractions). Fractions 9-22 were combined and evaporated under 
vacuum to afford N-[2-fluoro-4-(l-hydroxyhexyl)phenyl]-2,2-dimethylpropanainide 
(18.5 g, 76%) as a clear oil. 

5 Step 3: /^-f2-fluoro-4-hexanovlphenvl)-22-dimethvlpropanaimde 

A solution of A^-[2-fluoro-4-(l-hydroxyhexyl)phenyl]-2,2- 
dimethylpropanamide (18.5 g, 62.6 mmol) in CH2CI2 (300 mL) was treated with 4- 
methylmorpholine A^-oxide (7.35 g, 62.6 mmol) followed by tetrapropylaramonium 

10 perruthenate (TPAP, 0.22 g, 0.63 nmiol). The mixture was stirred at room 

temperature for 30 minutes, then treated with additional TPAP (0.88 g, 2.5 mmol) and 
stirred an additional 30 minutes at room temperature. The mixture was filtered 
through a pad of MgS04 atop a pad of silica gel, washing through with EtOAc (500 
mL). The filtrate was evaporated under vacuum to afford iV^(2-fluoro-4- 

15 hexanoylphenyl)-2,2-dimethylpropanaDoide (17.8 g, 97%) as a white solid. 

Step 4: A^-r4-(2-butvlacrv]oyn-2-fluorophenvlV2.2-dimethvlpropanamide. A^-12- 
fluoro-4-r2-(hvdrox vmeth vnhexanovllphenvll -2,2-dimethvlpropanamide, and N- 1 2- 
fluoro-4-r2-(methoxvmethvnhexanovl1phenvlV2.2-dimethvlpropanamide 

20 

A solution of Ar-(2-fluoro-4-hexanoylphenyl)-2,2- 
dimethylpropanamide (17.8 g, 60.7 mmol) in methanol (75 mL) was treated 
successively with K2CO3 (8.4 g, 60.7 mmol) and formaldehyde (37 wt. % solution in 
water, 5.0 mL, 67 mmol). The mixture was placed under a nitrogen atmosphere, 

25 stirred, and heated in an oil bath at 55°C for 4 hours. After cooling to room 

temperature, the mixture was diluted with CH2CI2 (300 mL), dried overMgS04, and 
filtered through a pad of silica gel, using more CH2CI2 (200 mL) to wash the pad. 
The filtrate and washings were concentrated under vacuum to provide a mixture (19.5 
g) of A^-[4-(2-butylacryloyl)-2-fluorophenyl]-2,2-dimethylpropanamide, A^-{2-fluoro- 

30 4-[2-(hydroxymethyl)hexanoyl]phenyl]-2,2-dimethylpropanamide, and iV-{2-fluoro-4- 
[2-(methoxymethyl)hexanoyl]phenyl]-2,2-dimethylpropanamide. 

Step 5: 5-flmi no-2-butvl-6-fluQro-l-indanone 
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A solution of the product mixture from step 4 (19.5 g, approx. 60.7 
mmol) in CH2CI2 (10 mL) was cooled in an ice bath and treated with ice-cold, cone. 
H2SO4 (300 mL). The resulting mixture was removed from the cooling bath and 
stirred at room temperature for 18 hours. The mixture was cautiously added to an ice- 
5 cold mixture of CH2CI2 (300 mL) and chopped ice (1 L). Excess acid was neutralized 
by portionwise addition of saturated Na2C03 solution (approx. 1 L) followed by solid 
Na2C03 (approx. 500 g). Additional water and CH2CI2 were occasionally added to 
dissolve the red/purple solids that formed during the neutralization. When the pH was 
neutral, the organic phase was separated and the aqueous portion was extracted with 

10 more CH2CI2. The combined organics were washed with brine, dried over MgS04, 
filtered, and concentrated under vacuum. The residual dark red oil was purified by . 
flash chromatography on a Biotage 75L KP-Sil column, eluting with 4:1 hexanes- 
EtOAc. The product containing fractions were combined and evaporated under 
vacuum to provide 5-amino-2-butyl-6-fluoro-l-indanone (5.5 g, 37%) as a yellow 

15 solid. 

Step 6: 5-amino-2-butvl-6"fluoro-2-(3-oxobutvI)-l-indanone 

A solution of 5-amino-2-butyl-6-fluoro-l-indanone (0.98 g, 4.64 
20 mmol) in ethanol (17 mL) was treated with sodium methoxide (0,5M solution in 

MeOH, 1.86 mL, 0.928 mmol) and methyl vinyl ketone (0.579 mL, 6.97 mmol). The 
resulting solution was stirred at room temperature and under a nitrogen atmosphere 
for 2 days. The mixture was diluted with CH2CI2 and filtered through a pad of silica 
gel. The product washed off with EtOAc and die filtrate was evaporated under 
25 vacuum. The residue was purified by flash chromatography on a Biotage 40M KP-Sil 
colunrn, eluting with 3:1 to 2.5:1 hexanes-EtOAc. The product containing fractions 
were evaporated under vacuum to provide to afford 5-amino-2-butyl-6-fluoro-2-(3- 
oxobutyl)-l-indanone (0.6 g, 46%) as a yellow foam. 



30 Step 7: 7-amino-9a-butv l-6-fluoro-1.2.9,9a-tetrahvdro-3g>>fluQren-3-Qne 

The diketone from step 6 (0.6 g, 2.14 mmol) was dissolved in toluene 
(15 mL) and treated with acetic acid (0.236 mL. 4.12 mmol) and pyrrolidine (0.344 
mL, 4.12 nunol). The resulting solution was stirred and heated in an oil bath at 100°C 
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for 1.5 hours. After cooling to room temperature, the nodxture was filtered through a 
pad of silica gel and the product was washed off with EtOAc. The filtrate and 
washings were concentrated under vacuum. The residue was purified by flash 
chromatography on a Biotage 40M KP-Sil column, eluting with 4:1 to 3:1 hexanes- 
5 EtOAc. The product containing fractions were evaporated under vacuum to provide 
7-amino-9a-butyl-6-fluoro-l,2,9,9a-tetrahydro-3i/-fluoren-3-one (0.45 g, 80%) as a 
yellow solid. 

Step 8: 7-(acetvlamdnoV9a-butvl-6-fluoro-L2,9,9a-tetrahvdro-3g-fluoren-3>-one 

10 

A solution of 7-amino-9a-butyl-6-fluoro-l,2,9,9a-tetrahydro-3J?- 
fluoren-3-one (1.12 g, 4.1 mmol) in anhydrous CH2CI2 (13.7 mL) was purged with 
N2, cooled in an ice bath, and treated with pyridine (0.33 mL, 4.1 mmol) followed by 
acetyl chloride (0.65 mL, 9 mmol). After stirring at 0-5''C for 4.5 hours, the reaction 
15 mixture was partitioned between water and EtOAc. The organic portion was washed 
with brine, dried over MgS04, filtered, and concentrated under vacuum to provide 7- 
(acetylamino)-9a-butyl-6-fluoro-l,2,9,9a-tetrahydro-3//-fIuoren-3-one (1.1 g) as an 
orange foam. This material was used without further purification. 

20 Step 9: 7-(acetvlaminoM-bromo-9a-butvl--6-fluoro-L2.9,9a-tetrahvdro-3g--fluoren-3- 
one 

The product from step 8 (1.1 g, approx. 3.5 nmiol) was dissolved in 
anhydrous CH2CI2 (1 1 mL) and the solution was purged with N2, cooled in an ice 

25 bath, and treated with //-bromosuccinimide (0.498 g, 2.8 mmol). After stirring at 0- 
5°C for one hour, the reaction mixture was partitioned between water (150 mL) and 
EtOAc (150 mL). The organic portion was washed with aqueous 5% NaHC03 and 
brine, dried over MgS04, filtered, and evaporated under vacuum to provide crade 7- 
(acetylamino)-4-bromo-9a-butyl-6-fluoro-l ,2,9,9a-tetrahydro-3if-fluoren-3-one (1 .35 

30 g). 

Step 10: 7-(acetvlamino)-9a-butvl-4-f l^thoxyvinvl)-6'fluoro-1.2,9>9a4etrahvdro-3g- 
fluoren-3-one 
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A partial solution of 7-(acetylainino)^bromo-9a-butyl-6-fluoro- 
l,2,9,9a-tetrahydro-3ff-fluoren-3-one (495 mg, 1.26 mraol) in anhydrous toluene (6.3 
mL) was purged with N2, treated with dichlorobis(triphenylphosphine)palladiuin(II) 
(177 mg, 0.25 mmol), purged with N2, and treated with tributyl(l-ethoxyvinyl)tin 
5 (0.600 mL, 1.9 nunol). The resulting mixture was stirred under a N2 atmosphere and 
heated in an oil bath at 100°C for two hours. After cooling to room temperature, the 
mixture was filtered through a pad of silica gel, washing the product off with EtOAc. 
The filtrate and washings were evaporated under vacuum to an oil. The crude product 
was purified by flash chromatography on a Biotage 40S KP-Sil column, eluting with 
10 4:1 hexanes-EtOAc (1 L) followed by 2:1 hexanes-EtOAc (1 L). The product 

containing fractions were concentrated under vacuum to afford 7-(acetylamino)-9a- 
butyl-4-(l-ethoxyvinyl>6-fluoro-l,2,9,9a4etrahydro-3if-fluoren-3-one (238 mg, 49%) 
as a yellow foam. 

15 Step 11: 4-a cetyl-7-amt no-9a-butvl-6-fluoro-l,2,9,9a-tetrahvdro-3g-fluoren-3-one 

A solution of 7-(acetylamino)-9a-butyl-4-(l-ethoxyvinyl)-6-fluoro- 
l,2,9,9a-tetrahydro-3i?-fluoren-3-one (205 mg, 0.53 mmol) in methanol (7.5 raOL) was 
treated with aqueous 6N HCl (7.5 mL). The resulting mixture was placed under a N2 
20 atmosphere and stirred with heating in an oil bath at 80°C for 50 minutes. After 
cooling to room temperature, the mixture was partitioned between EtOAc and 
aqueous 5% NaHC03. The organic solution was washed with water and brine, dried 
over MgS04, filtered, and evaporated under vacuum to afford 4-acetyl-7-amina-9a- 
butyl-6-fluoro-l,2,9,9a-tetrahydro-3H-fluoren-3-one (157 mg, 93%) as a foam. 

25 

Step 12: 4-acetvl-7-amino-8--bromo-9a-butvl-6-fluoro-L2.9,9a-tetrahvdro-3g-- 
fluoren-3-one 

A solution of 4-acetyl>7-aminO"9a-butyl-6-fluoro-l,2,9,9a-tetrahydro- 
30 3/?-fluoren-3-one (157 mg, 0.5 mmol) in anhydrous Ar,A^Hlimethylformamide (1.5 

mL) was purged with N2, cooled in an ice bath, and treated with Af-bromosuccinimide 
(89 mg, 0.5 nmiol). The resulting solution was stirred at 0-5°C for one hour, and then 
partitioned between EtOAc and water. The aqueous portion was extracted with more 
EtOAc. The combined organics were washed with water and brine, dried over 
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MgS04, filtered, and concentrated under vacuum. The oily residue was purified by 

flash chromatography on a Biotage 12M column, eluting with 4:1 hexanes-EtOAc. 

' The product containing fractions were evaporated under vacuum to ajfford 4-acetyl-7- 

. amino-8-bromo-9a-butyl-^-fluoro-l,2,9,9a-tetrahydro-3ff-fluoren-.3-one (147 mg, 
5 75%) as a yellow oil. 

Step 13: 4-acetvl-^8>allvl~ 7-amino-9a~butvl-6~fluQro->1.2.9,9a-tetrahvdro-3g-fluQre^ 
3"0ne 

A sample of 4-acetyl-7-amino-8-bromo-9a-butyl-6-fluoro-l, 2,9,9a- 
10 tetrahydro-3fl'-fluoren-3-one (123.5 mg, 0.3 1 mmol) and bis(tri-r-butylphosphine)- 
palladium(O) (6.5 mg, 0.013 nmiol) were dissolved in anhydrous toluene (1.5 mL). 
The solution was purged with N2, treated with allyltributyltin (0.150 mL, 0.48 mmol), 
and stirred with heating in an oil bath at 100°C for 2.5 hours. After cooling, the 
mixture was filtered through a plug of silica gel with EtOAc. The filtrate was 
15 . . concentrated under vacuum to a residue that was purified by preparative layer 

chromatography (0.1 x 20 x 20 cm silica gel GF plate developed with 2:1 hexanes- 
EtOAc). The product band was eluted with EtOAc and the eluant evaporated under 
vacuum to afford 4-acetyI-8-aIlyI-7-aimno-9a-butyl-6-fluoro-l,2,9,9a-tetrahydro-3/?- 
• fluoren-3-one (31 mg, 28%) as an orange foam. 

20 

Step 14: 4-acetvl~7-(acetvlanii noV8-allvl-9a-butvl-6-fluoro-L2.9.9a-tetrahvdro-3if- 
fluoren-^3-one 

Pyridine (0.007 mL, 0.087 mmol) and acetyl chloride (0.012 mL, 0.174 
25 mmol) were added to an ice-cold solution of 4-acetyl-8-allyl-7-amino-9a-butyl-6- 
fluoro-l,2,9,9a-tetrahydro-37?-fluoren-3-one (30.8 mg, 0.087 mmol) in anhydrous 
CH2CI2 (0.3 mL). The resulting mixture was stirred at room temperature and under a 
N2 atmosphere for 19 hours. The mixture was partitioned between EtOAc and IN 
HCL The organic phase was washed with 5% NaHC03 and brine, dried over MgS04, 
30 filtered, and concentrated under vacuum to provide crude 4-acetyI-7-(acetylamino)-8- 
allyl-9a-butyl-6-fluoro-l,2,9,9a-tetrahydro-3H-fluoien-3-one (31.6 mg). 

Step 15: 4-acetvl- 7-facetvlaminoV9a-butv]-^6-fluoro-8-(2-Qxoethvl)-l ,2.9.9a- 
tetrahvdro-3jg-fluoren>3^ne 



-63- 



wo 02/41835 



PCT/USOl/44010 



A solution of 4-acetyl-7-(acetylamino)-8-allyl-9a-butyl-6-fluoro- 
l,2,9,9a-tetrahydro-3fl'-fluoren-3-one (31.6 mg, 0.08 mmol) in THF (0.8 mL) was 
treated sequentially with OSO4 in THF (0.2 mL of a 10 mg/mL solution, 0.008 mmol) 
5 and NaI04 (51 mg, 0.24 mmol). The mixture was stirred at room temperature for one 
hour, then treated with water and stirred an additional hour at room temperature. The 
mixture was partitioned between EtOAc and water. The organic phase was washed 
with brine, dried over MgS04, filtered, and evaporated under vacuum to provide 

crude 4-acetyl-7-(acetylamino)-9a-butyl-6-fluoro-8<2-oxoethyl)-l,2,9,9a-tetrahyd^^ 
^0 3ff-fluoren-3-one (40 mg). 

.Steal6L6racetjdr9^^ 
one 

The crude product from step 15 was dissolved in CH2CI2 (-1 mL) and 
15 treated with a catalytic amount of p-toluenesulfonic acid monohydrate. The reaction 
was stirred at room temperature for 5 minutes to affect cyclization to the A^- 
acetylindole intermediate. The reaction mixture was diluted with EtOH (2 mL), 
treated with aqueous 5N NaOH (0.150 mL), and stined at room temperature for 20 
minutes to affect deacetylation. The mixture was diluted with CH2CI2 and filtered 
20 through a plug of silica gel. The filtrate was evaporated under vacuum and the residue 
purified by preparative layer chromatography (0.1 x 20 x 20 silica GF plate developed 
with 2:1 hexanes-EtOAc). The product band was eluted with EtOAc, the eluant 
evaporated under vacuum, and the residue lyophilized firom benzene to afford 6- 

acetyl-9a.butyl-4-fluoro-8,9,9a,10-tetrahydroindeno[2,l-e]indol-7(3i7)-one (17 mg) as 
25 an amorphous solid. 

IH NMR (CDCI3, 500 MHz) 5 0.83 (t, CH2CH2CH2Ci?5), 1.19-1.32 (m, 
ai2CH2CH2CU^), 1.49 and 1.71 (two m, Ci/2CH2CH2CH3), 2.10 and 2.34 (two 
ddd, 9'CH2l 2.43 (s, COCi/5), 2.52 and 2.61 (two ddd, S~CH2), 2.86 and 3.22 (two d, 
30 IO-CH2I 6.61 (dd, H-1), 7.03 (d, fl^-5), 7.30 (dd, ff-2), and 8.70 (br s, NH). 
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EXAMPLE 6 

SYNTHESIS OF 9a-EIHYL-6-METHYI^8.9.9aJ0^TETRAHYDROIN^ 

g1INDAZOL-7f3fl)-ONE 




5 Step 1: S-facetvlaminoM-bromo-l-indanone 



A suspension of 5-(acetylamino)-l-indanone (10.0 g, 52.3 mmol) in 
anhydrous acetonitrile (52.3 mL) was treated with A^-bromosuccinimide (9,8 g, 54.9 
mmol). The resulting mixture was stirred and heated in an oil bath at GO^'C for 24 
10 hours. After cooling to room temperature, the mixture was concentrated under 

vacuum to approximately half volume and the resulting white suspension was stirred 
overnight at room temperature. The mixture was filtered and the solid portion was 
washed with cold MeCN (10 wL) and dried under a stream of nitrogen to afford 5- 
(acetyIamino)-4-bromo-l-indanone (10.4 g, 74% yield) as white crystals. 

15 

Step 2: 5-facetvlaminoM-methvl-l-indanone 

A mixture of 5-(acetylamino)-4-bromo-l-indanone (65.16 g, 0.243 
mol), dichlorobis(triphenylphosphine)palladium(II) (8.50 g, 0.012 mol), 

20 triphenylphosphine (6.37 g, 0.024 mol), and lithium chloride (20.6 g, 0.486 mol) in 
anhydrous iV^-dimethylformamide (DMF, 486 mL) was purged with nitrogen and 
treated with tetramethyltin (37.1 mL, 0.267 mol). The mixture was stirred under a 
nitrogen atmosphere and heated in an oil bath at 100*^C for 22.3 hours. After cooling 
to room temperature, the mixture was filtered and the solid portion washed with DMF 

25 (20 mL). The filtrate and washings were evaporated under vacuum to a residue that 
was partitioned between 5% MeOH in CH2CI2 (500 mL) and biine (500 mL). The 
aqueous phase was back-extracted with more 5% MeOH in CH2CI2 (500 mL). The 
combined organics were dried over MgS04, filtered, and evaporated under vacuum to 
a semi-solid. This material was suspended in Et20 (250 mL) and the mixture was 
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filtered. The solid was washed with Et20 (250 ml) and dried under a stream of 
nitrogen to afford crude product (46 g). The crude product, plus 3 gm of additional 
crude from a previous reaction, was purified by recrystallization from hot MeCN (400 
mL). After cooling the mixture to room temperature, the solid was collected, washed 
5 with MeCN (50 mL) and Et20 (200 mL), and dried under a stream of nitrogen to 
afford 5-(acetylamino)-4-methyl-l-indanone (37,9 g) as pale yellow crystals. The 
mother liquors and washings, after concentration to approximately 100-125 mL, gave 
additional product (6.0 g) as yellow needles. 

10 Step 3: 5-(acetvlamino')-2~ethvl>4-methvM-indanone 

A suspension of 5-(acetylamino)-4-methyl-l-indanone (0.50 g, 2.46 
nmiol) and 20% palladium hydroxide on carbon (50 mg) in ethanol (10 mL) was 
sonicated for 0.5 minute, then cooled in an ice bath and treated with 0.5M sodium 

15 methoxide in methanol (0.98 inL, 0.49 nmiol). The mixture was placed under a 
hydrogen atmosphere and treated with acetaldehyde (0.28 mL, 4.92 mmol). The 
resulting mixture was stirred under a hydrogen atmosphere for one hour 0°C and then 
stirred at room temperature for three hours. The mixture was filtered and the filtrate 
evaporated under vacuum. The residue was dissolved in ethanol (10 mL) and re- 

20 evaporated under vacuum. The residue in EtOAc (20 mL) was washed with water (20 
mL) containing 2N HCl (1.5 mL), washed with brine (10 mL), dried over MgS04, 
filtered, and evaporated under vacuum to provide crude 5-(acetylamino)-2-ethyl-4- 
methyl-l-indanone (512 mg) as a foam. 

25 Step 4: 5-facetYlaminn)- 2-ethvl-4-methvl-2-(3-oxoDentvlVl-indanone 

The crude 5-(acetylamino)-2-ethyl-4-methyl-l-indanone (500 mg, 
approx. 2.1 mmol) from step 3 was dissolved in methanol (5.4 mL) and the solution 
was treated with ethyl vinyl ketone (0.27 mL, 2.7 mmol) and 0.5M sodium methoxide 
30 in methanol (0.98 mL, 0.49 namol). The mixture was stirred and heated in an oil bath 
at 60°C for 6 hours and then stirred at room temperature for 12 hours. The solvent 
was evaporated under vacuum and the residue was partitioned between EtOAc (20 
mL) and water (20 mL) made basic with K2CO3. The EtOAc phase was washed with 
brine (10 mL), dried over MgS04, filtered, and evaporated under vacuum to afford 
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crude 5-(acetylainino)-2-^thyl-4-methyl-2-(3-oxopentyl)-14ndanone (633 mg) as an 
oil. The NMR spectrum revealed that the product contained approximately 20-25% of 
the corresponding deacetylated derivative. 

5 Step 5: 7-a mino-9a-ethvl-4.8-dimethvM.2>9,9a-tetrahvdro-3g-fluoren-3-one 

The crude mixture (0.63 g) of 5-(acetylamino)-2-ethyl-4-methyl-2-(3- 
oxopentyl)- l-indanone and 5-aniino-2-ethyl-4-methyl-2-(3-oxopentyl)- 1 -indanone 
from step 4 was dissolved in acetic acid (9 dolL) and the solution was diluted with 

10 aqueous 6N HCi (9 mL). The mixture was stirred and heated in an oil bath at SO^'C 
for 4.5 hours, then allowed to cool to room temperature and evaporated under vacuum 
to an oily residue. The residue was partitioned between EtOAc (50 mL) and saturated 
aqueous K2CO3. The organic phase was dried over MgS04, filtered, and evaporated 
under vacuum to provide 7-amino-9a-ethyl-4,8-dimethyl-l,2,9,9a-tetrahydro-3ir- 

15 fluoren-3-one (0.50 g) as a yellow-brown foam. 

Step 6: 9a-ethvl-6- methvl-8,9.9a.l0-tetrahvdroindenof2.1^g1indazo^7f3fll-Qne 

An ice-cold solution of 7-amino-9a-ethyl-4,8-dimethyl- 1,2,9,9a- 
20 tetrahydro-3/?-fluoren-3-one (0.50 g, 1.96 mmol) in anhydrous dichloromediane (9.8 
mL) was treated with nitrosonium tetrafluoroborate (252 mg, 2.16 mmol). The 
resulting dark solution was stirred at 0°C for 15 minutes, and then treated with 
potassium acetate (385 mg, 3.92 mmol) and dibenzo-18-crown-6 (35 mg, 0.098 
mmol). After stirring an additional 5 minutes at 0°C, the mixture was briefly 
25 sonicated at which time gas evolution was observed. After stirring an additional 10 
minutes at O'^C, the mixture was diluted with CH2CI2 (20 mL), washed with water (20 
mL), dried over MgS04, filtered, and concentrated under vacuum to an oil (550 mg). 
The crude product was purified by column chromatography on EM silica gel 60 (20 g, 
230-400 mesh) using 10% EtOAc in CH2CI2 as the eluting solvent. The product 
30 containing fractions were combined and evaporated under vacuum to a red-brown 

solid (269 mg). This material was dissolved in hot EtOH (4 mL) and the solution was 
decolorized with activated carbon (208 mg). Filtration and evaporation of the filtrate 
under vacuum gave a yellow oil (228 mg) that crystallized from benzene (2 mL) to 
provide 9a-ethyl-6-methyl-8,9,9a,10-tetrahydroindeno[2,l-£]indazol-7(3i?)-one (214 
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mg) as a pale yellow solid. The proton NMR indicated that the product was a benzene 
hemi-solvate. The product can be freed of benzene by dissolving in ethanol, 
evaporating the solvent under vacuum, triturating the residue with water, and drying 
the resulting solid under high vacuum. 

IH NMR (CDCI3, 500 MHz) 5 0.87 (t, CH2CH3), 1.53 and 1.69 (two m, C//2CH3), 
2.08 and 2.34 (two ddd, 9-CH2\ 2.16 (s, 2.52 and 2.62 (two ddd, 8-C//2)> 

2.94 and 3.29 (two d, 10-0/^2), 7.46 (d, /f-4). 7.82 (d, ff-5), 8.13 (s, H-l\ and 10.32 
(brs,Nfl). 



EXAMPLE 7 

SYNTBOBSIS OF 6--BROMO--9a-ETHYL-8,9,9al0-TETRAHYDRQINDENOr2,l- 

glIISrDAZOL-7f3g)-ONE 




Step 1: 5-facetvlaniinoV2-ethvl-4-methvM-indanone 

A mixture of 5-(acetylamino)-4-methyl-l-indanone (5.0 g, 24.6 mmol), 
20% palladium hydroxide on carbon (0.5 g), ethanol (100 mL), and 0.5M sodium 
methoxide in methanol (9.84 mL, 4.92 mmol)was. cooled in an ice bath, placed under 
a hydrogen atmosphere, and treated with acetaldehyde (2.8 mL, 49.2 mmol). The 
resulting mixture was stirred under a hydrogen atmosphere at 0°C for 0.5 hours 
followed by 2.7 hours at room temperature. The mixture was filtered and the filtrate 
evaporated under vacuum. The residue was dissolved in ethanol (100 mL) and re- 
evaporated under vacuum. The residue of crude 5-(acetylamino)-2-ethyM-methyl-l- 
indanone plus sodium ethoxide was used directly in the next step. 

Step 2: 5-facetvlaminoV2-ethyl^methvl-2-f3>oxobutvlVl-indanone 
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The crude mixture of sodium ethoxide and 5-(acetylamino)-2-ethyl-4- 
methyl-l-indanone from step 1 was dissolved in ethanol (61.5 mL) and the solution 
was treated with methyl vinyl ketone (2.56 mL, 30.75 mmol). The mixture was 
stirred at room temperature for 39 hours. The solvent was evaporated under vacuum 
5 and the residue was partitioned between EtOAc (100 mL) and brine (100 mL). The 
aqueous phase was back-extracted with EtO Ac (50 mL). The combined organics 
were dried over MgS04, filtered, and evaporated under vacuum to afford crude 5- 
(acetylamino)-2-ethyl-4-methyI-2-(3-oxobutyl)-l-indanone (8.5 g) as a foam. 

10 Step 3 : 7-f acetvlamino)-9a-eth vl-8-meth vM .2,9.9a-tetrahvdro-3g->fIuQren-3-one 

A mixture of crude 5-(acetylamino)-2-ethyl-4-methyl-2-(3-oxobutyl)- 
1-indanone (8.5 g, approx. 24.6 mmol)), toluene (225 mL), and tetrahydrofuran (20 
mL) was treated with pyrrolidine (2.06 mL, 24.6 mmol) and acetic acid (1.41 mL, 

15 24,6 mmol). The resulting mixture was stirred and heated in an oil bath at 100°C for 
75 minutes, then cooled to room temperature and evaporated under vacuum. The 
residue was partitioned between EtO Ac (200 mL) and water (100 mL) and the 
aqueous phase was back-extracted with EtOAc(50 mL). The combined organics were 
washed with brine (100 mL), dried over MgS04, filtered, and evaporated under 

20 vacuum to afford crude 7-(acetylamino)-9a-ethyl-8-methyl-l,2,9,9a-tetrahydro-3i/- 
fluoren-3-one as a foam. 

Step 4: 7"(acetvlanaino)-4-bromo-9a-^thvl-8-methvl-L2,9,9a4etrahvdro-3j7-fluore^ 
3-one 

25 The crude 7-(acetylamino)-9a-^thyl-8-methyl-l,2,9,9a-teteahydro-3//- 

fluoren-3-one (approx. 22-23 namol) from step 3 was dissolved in anhydrous 
dichloromethane (220 ml) and the solution was treated with sodium bicarbonate (9.3 
g, 110.7 mmol). The mixture was cooled in an ice bath and swirled by hand while 
bromine (1.14 mL, 22.1 mmol) was added dropwise over 3 minutes. The mixture was 

30 stirred at 0°C for 25 minutes, after which time additional bromine (0.05 mL, 1 mmol) 
was added. The mixture was stirred an additional 15 minutes at 0°C, then diluted 
with water (100 mL) and shaken. The organic phase was dried over MgS04, filtered, 
and evaporated under vacuum to provide crude 7-(acetylamino)-4-bromo-9a-ethyl-8- 
methyl-l,2,9,9a-tetrahydro-3H-fluoren-3-one (9.0 g) as a dark foam. 
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Step 5: 7-aniino-4-bromo-9a>^thvl-8-methvl>1.2,9,9a-tetTahvdro-3H-fluo 

The crude 7-(acetylamino)-4-bromo-9a-ethyl-8-methy]-l ,2,9,9a- 
5 tetrahydro-3H-fluoren-3-one (9.0 g) from step 4 was dissolved in ethanol (125 mL) 
and the solution was treated with 0.5M sodium methoxide in methanol (123 mL, 61.5 
mmol). The resulting solution was stirred under a nitrogen atmosphere and heated in 
an oil bath at 80°C for 12 hours. After cooling to room temperature, the mixture was 
evaporated under vacuum and the residue was partitioned between EtOAc (200 mL) 
10 . and brine (100 mL). The organic phase was dried over MgS04, filtered ,and 
evaporated under vacuum to afford crude 7-amino-4-bromo-9a-ethyl-8-methyl- 
l,2,9,9a-tetrahydro-3H-fluoren-3-one (7.0 g) as a dark foam. 

Step 6: 6-bromo- 9a-ethvl-8,9.9a,10-tetrahvdroindenor2.1-g1indazol-7(3/n-one 

15 

The crude 7-amino-4-bromo-9a-ethyl-8-methyM,2,9,9a-tetrahydro- 
3H-fIuoren-3-one (7.0 g, approx. 22 mmol) from step 5 was dissolved in anhydrous 
dichloromethane (125 mL) and the solution was cooled in a dry ice-acetonitrile bath at 
-35°C. The cold solution was treated with nitrosonium tetrafluoroborate (2.59 g, 22.1 

20 mmol) and then stirred with gradual warming to 0°C (bath temperature) over 70 

minutes. Additional nitrosonium tetrafluoroborate (0.22 g, 1.9 mmol) was added and 
stiiring was continued for 50 minutes, at which time the bath temperature was TC. 
The cooling bath was brought to 7-35°C and the reaction mixture was diluted with 
dichloromethane (125 ml). Potassium acetate (4.35 g, 44,3 mmol) and dibenzo-18- 

25 crown-6 (0.40 g, 1.1 mutnol) were added and the resulting mixture was removed from 
the cooling bath and stirred at room temperature over 2 hours. The mixture was 
shaken with water (100 mL) and filtered through a celite pad. The organic portion of 
the filtrate was dried over MgS04, filtered, and evaporated under vacuum to an oil 
(7.6 g). The crude product was purified by colunm chromatography on EM sihca gel 

30 60 (230-400 mesh, 4.5 x 31 cm column) using 20% EtOAc in CH2CI2 as the eluting 
solvent. The product containing fractions were combined and evaporated under 
vacuum to a residue that crystallized on addition of benzene (20 mL). The solid was 
collected and dried under vacuum to afford 6-bromo-9a-ethyl-8,9,9a,10- 
tetrahydroindeno[2,l-€]indazol-7(3/0-one (2.7 g) as a tan solid. 

35 
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IH NMR (CDag, 500 MHz) 5 0.90 (t, CH2CH5), 1.63 and 1.76 (two m, CH2CH3), 
2.17 and 2.36 (two ddd, 9-CH2), 2.72-2.84 (m, 8-C//2), 3.02 and 3.34 (two d, 10- 
CH2), 7.51 (d, H-4), 8.15 (s, H-1), and 8.66 (d, H-5). 

5 

EXAMPLES 

SYNTHESIS OF 9a-ETHYL-6-TRIFLUOROMETHYL-8.9.9a 10- 
TETRAHYDROINDENOr2. l-e1INDAZQL-7(3ff>-ONE 




10 Step 1 : 7-(acetvlaminoV9 a-ethvl-8-methvl-4-trifluoromethvl-l .2.9.9a-tetrahvdm-3 H- 
fluoren-3-one 

7-(Acetylamino)-4-bromo-9a-ethyl-8-methyl-l,2,9,9a-tetrahydro-3i?- 
fluoren-3-one (1.2 g, 3.32 mmol) and copper(I) iodide (0.76 g, 4.0 nunol) were taken 

15 up in anhydrous A^JV-dimethylfonnamide (66.4 mL). "Eie resulting mixture was 
placed under a N2 atmosphere, treated with methyl (fluorosulfonyl)difluoroacetate 
(3.2 mL, 25.2 mmol), and then stirred with heating in an oil bath at 75-80''C for 15.5 
hours. After cooling to room temperature, the mixture was filtered through a pad of 
solka floe which was rinsed with EtOAc (50 mL). The combined filtrate and linsate 

20 were diluted with EtOAc (500 mL) and H2O (500 mL) and the mixture was filtered 
through a solka floe pad. The organic phase was washed with water (8 x 500 mL, 
brine added to separate the layers) and brine (200 mL), dried over MgS04, filtered, 
and concentrated under vacuum to a yellow oil (1.6 g). The crude product was 
purified by column chromatography on EM silica gel 60 (230-400 mesh, 2.75 x 20 

25 cm), eluting sequentiaUy with 10% EtOAc in CH2CI2 (200 mL), 20% EtOAc in 
CH2CI2 (200 mL), and 50 % EtOAc in CH2CI2. The product containing fractions 
were combined and evaporated under vacuum to afford 7-(acetylamino)-9a-ethyl-8- 
methyl-4-trifluoromethyl-l,2,9,9a-tetrahydro-3H-fluoren-3-one (0.73 ^ as an oil. 



-71- 



wo 02/41835 



PCT/USOl/44010 



Step 2: 7-amino-9a-^&vl-8-methvl-4-trifluoiDmethvl-L2.9,9a-te^ 
3"0ne 

A solution of 7-(acetylamino)-9a-ethyl-8-methyl-4-trifluoroniethyl- 
l,2,9,9a4etrahydro-3/f-fluoren-3-one (730 mg) in EtOH (20 mL) was treated with 
5 water (5 mL) and cone. HCl (3 mL). The resulting yellow solution was stirred and 
heated in an oil bath at 80°C for 4.8 hours. After cooling to room temperature, the 
mixture was partitioned between EtOAc (100 mL) and aq. saturated NaHCOs. The 
organic phase was washed with brine (100 mL), dried over MgS04, filtered, and 
evaporated under vacuum to provide 7-amino-9a-ethyl-8-methyl-4-trifluoromethyl- 
10 1 ,2,9,9a-tetrahydro-3H-fluoien-3-one (650 mg) as a yellow foam. 

Step 3: 9a-^thvl-6-trifluoromethvl-8.9,9aJ04elTahvdioindenor2J-g1indazol-7Gj^ 
one 

A portion of the crude 7-araino-9a-ethyl-8-methyl-4-trifluoromethyl- 
15 l,2,9,9a-tetrahydro-3i?-fluoren-3-one (409 mg, 1.32 nmiol) from step 2 was dissolved 
in anhydrous CH2CI2 (10 mL) and the solution was cooled in a dry ice-acetonitrile 
bath at -30°C. The cold solution was treated with nitrosonium tetrafluoroborate (155 
mg, 1.32 nmiol) and then stirred with gradual wanning to -5*^C (bath temperature) 
over 100 mdnutes. The reaction mixture was treated with KOAc (260 mg, 2.64 mmol) 
20 and dibenzo-1 8-crown-6 (24 mg, 0.066 mmol) and stirred at -5°C for 5 minutes. The 
mixture was removed from the cooling bath and stirred at room temperature for 15 
minutes. The mixture was partitioned between CH2CI2 (50 mL) and water (50 mL). 
The organic phase was dried over MgS04, filtered, and evaporated under vacuum to a 
red oil (468 mg). The crude product was purified by column chromatography on EM 
25 silica gel 60 (230-400 mesh, 3.5 x 19 cm column) using 5% EtOAc in CH2CI2 as the 
eluting solvent. The product containing fractions were combined and evaporated 
under vacuum to afford 9a-ethyl-6-trifluoromethyl-8,9,9a,10-tetrahydroindeno[2,l- 
e]indazol-7(3/0-one (190 mg) as a red oil. 

30 IH NMR (CDCI3, 500 MHz) 6 0.86 (t, CII2CHS), 1.45 and 1.65 (two dq, C//2CH3), 
2.16 and 2.33 (two ddd, 9-0^2), 2.54-2.67 (m, 8-CH2), 3.06 and 3.32 (two d, 10- 
CH2\ 7.45 (d, H-4), 7.84 (qd, H-5), and 8.15 (s, ^-1); mass spectrum m/z 321.1 
(M+1). 
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EXAMPLE 9 

SYNTHESIS OF 9a-ErHYI^6-/4-r2-fl-PIPERIDINYL)ETHOXY1PHENYL)- 
8.9.9a.lO-TETRAHYDROINDENOr2.l-e1INDAZOI^7f3fl>-ONE 
HYDROCHLORIDE SALT 

O 



5 

Step 1: 6-bromo-9a-ethvl-3-r(4-methvlphenvnsiilfonvlV8,9,9a,10- 
tetrahvdroindenor2,l-g1indazol-7(3H)-one and 6-bromo-9a-ethYl-2-r(4- 
methvlphenvl)sulfonvl1>8.9,9aJ0-tetrahvdroindenor2,l-g1inda2ol~7f2H)-one 

10 A solution of 6-bromo-9a-ethyl-8,9,9a,10-tetrahydromdeno[2,l- 

e]indazol-7(3iy)"One hemi-benzene solvate (250 mg, 0.675 mmol) in anhydrous 
dichloromethane (3.4 mL) was cooled in an ice bath and treated with 4- 
(dimethylamino)pyridine (124 mg, 1.015 mmol) and p-toluenesulfonyl chloride (155 
mg, 0.813 mmol). . The resulting solution was stiired under a nitrogen atmosphere for 

15 one hour at 0°C followed by two hours at room temperature, then diluted with 

dichloromethane (30 mL) and washed with water (20 mL), IM pH 3 phosphate (20 
■ mL), 5% aq. NaHC03 (20 raL), and brine (20 mL). The dichloromethane solution 
was dried over MgS04, filtered, and evaporated under vacuum to a foam (320 mg). 
The crude product was purified by chromatography on a Biotage Flash 40S KP-Sil 

20 column, eluting with 7:3 hexanes-ethyl acetate, to afford 6-bromo-9a-ethyl-2-[(4- 

methylphenyl)sulfonyl]-8,9,9a,10-tetrahydroindeno[2, l-e]indazol-7(2ff)-one (188 mg, 
contains 14% of the 3-tosyl isomer) and 6-bromo-9a-ethyl-3-[(4- 
methylphenyl)sulfonyl]-8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3i3^ (107 mg, 
contains trace amounts of the 2-tosyl isomer) as solids. 

25 

Step 2: 9a-etfavl-6-r4-fmethnxvmethoxy^phenvlV3-r(4-methylphenvlWlfQnvn- 
8.9.9a,10-tetrahvdroindenQr2,1-g]indazol-7(3Jn-one 
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A mixture of 6-bromo-9a-ethyI-3-[(4-methylphenyl)sulfonyl]- 
8,9,9a,10-tetrahydroindeno[2,l-e]inda2ol-7(3/f)-OTie (107 mg, 0.220 mmol) and 
tetra]ds(triphenylphosphine)palladium(0) 12.7 mg, 0.011 mmol) was treated with a 
5 solution of tributyl[4-(methoxymethoxy)phenyl]stannane (103 mg, 0.241 mmol) in 
anhydrous toluene (1.6 mL). The mixture was purged with nitrogen, sonicated to give 
a suspension, then stirred with heating in an oil bath at 100°C for 15 hours.. After 
cooling to room temperature, the mixture was evaporated under vacuum to a violet oil 
(236 mg). The crude product was purified by chromatography on a Biotage 12M KP- 
10 Sil coluDOui, eluting with 7:3 hexanes-EtOAc, to afford 9a-ethyl-6-[4- 
(methoxym6thoxy)phenyl]-3-[(4-methylphenyl)sulfonyl]-8,9,9a,10- 
tetrahydroindeno[2,l-e]indazol-7(3J3)-one (113 mg, 95% yield) as a pale yellow gum. 

Step 3: 9a-ethvl-6-(4-hvdroxvphenvl)-3-r(4-methvlphenvnsulfonylV8,9.9a.l0- 
15 tetrahvdroindenor2,l-e1indazol-7(3iin-one 

A mixture of 9a-ethyl-6-[4-(methoxymethoxy)phenyl]-3-[(4- 
methylphenyl)sulfonyl]-8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3//)-one (1 13 mg, 
0.208 mmol) and methanol (5.2 mL) was sonicated to give a suspension. Aqueous 2N 

20 HCl (0.52 mL) was added dropwise and the resulting mixture was stined in a capped 
flask and heated in an oil bath at 80°C. After 10 minutes, the suspension gave way to 
a pale yellow solution. After 45 minutes, the mixture was allowed to cool to room 
temperature and the solvent was evaporated under vacuum. The residue was 
dissolved in EtOAc (10 mL), washed with water (5 mL) and brine (5 mL), dried over 

25 MgS04, filtered, and evaporated under vacuum. The oily residue was lyophilized 

from benzene to provide 9a-ethyI-6-(4-hydroxyphenyl)-3-[(4-methy]phenyl)sulfonyl]- 
8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3/0-one (95 mg, 92% yield) as an off- 
white amorphous solid. 

30 Step 4: 9a-ethvl-3-ff4-methvlDhenvl)sulfonvn-6-(4-r2-f 1- 

piperidinvnethQxylphenvll-8,9,9a.l0-tetrahvdroindenor2J-g1indazol~7f3gl-Qne 

A solution of 9a-ethyl-6-(4-hydroxyphenyl)-3-[(4- 
methylphenyl)sulfonyl]-8,9,9a,10-tetrahydroindeno[2,l-e]inda2ol-7(3fl)-one (95 mg, 
35 0.19 mmol), triphenylphosphine (150 mg, 0.57 mmol) and piperidineethanol (0.076 
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mL, 0.57 mmol) in anhydrous THF (1.5 mL) was cooled in an ice bath, placed under a 
nitrogen atmosphere, and stirred while a solution of diisopropyl azodicarboxylate 
(95%, 0,118 mL, 0.57 mmol) in THF (0.4 mL) was added dropwise over 4 minutes. 
The reaction mixture was stirred at 0°C for one hour followed by 5 hours at room 
5 temperature, then evaporated under vacuum to a yellow gum (450 mg). The residue 
was purified by chromatography on a Biotage Flash 12M KP-Sil column, eluting with 
5% MeOH in CH2CI2, to afford enriched product (143 mg) as a pale yellow oil. This 
material was crystallized from Et20 to give 9a-ethyl-3-[(4-methylphenyl)sulfonyl]--6- 
'{4-[2-(l-piperidinyI)ethoxy]phenyl}-8,9,9a,10-tetrahydroindeno[2,l-€]indazol-7(3ii)- 
10 one (94 mg, 8 1 % yield) as a pale yellow solid. 

Step 5: 9a-ethvl-6-(4-r2-f l-piperidinvnethoxv1phenvn-8.9,9a.l0- 
tetrahvdroindenor2J-g1indazol-7(3fl)-one hydrochloride salt 

15 A suspension of 9a-ethyl-3-[(4-methylphenyl)sulfonyl]-6-{4-[2-(l- 

piperidinyl)ethoxy]phenyl}-8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3f0-one (82 
mg, 0.134 mmol) in EtOH (2.0 mL) was treated with aqueous IN sodium hydroxide 
(0.67 mL, 0.67 mmol). The resulting mixture was stirred at room temperature for one 
hour, then treated with HO Ac (0.05 mL), and evaporated under vacuum. The residue 

20 was partitioned between CH2CI2 (30 mL) and brine (20 mL). The organic layer was 
dried over MgS04, filtered, and evaporated under vacuum to a clear gum (73 mg). 
NMR analysis of this material showed EtOTs and a 74:26 mixture of the iS^-tosyl 
starting material to destosyl product 

A solution of the above gum (73 mg) in EtOH (2.0 mL) was treated 

25 dropwise with aqueous IN NaOH (0.67 mL) to give a suspension. This mixture was 
stirred in a capped flask and heated in an oil bath at 60°C. After 5 minutes, the 
suspension gave way to a yellow solution. After 20 minutes, the mixture was 
removed from the heating bath, stirred at room temperature for 45 minutes, then 
acidified with HO Ac (0.05 mL) and evaporated under vacuum. The residue was 

30 partitioned between EtOAc (30 mL) and brine (10 mL) plus water (5 mL). The 
EtOAc phase was washed with brine (10 mL) plus 5% aqueous NaHC03 (5 ml) 
followed by brine (15 mL) alone, dried over MgS04, filtered, and evaporated under 
vacuum to a pale yellow gum (51 mg). NMR analysis of this material showed EtOTs 
and a 87:6:7 mixture of the desired product and two //-ethyl by-products. Attempted 
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purification of this mixture by preparative layer chromatography (0.1 x 20 x 20 cm 
silica gel GF plate developed with 5% MeOH +1% Et3N in EtOAc) gave a 86:7:7 
mixture (38 mg) of the product and the two iV-ethyl by-products as a pale yellow gum. 

The mixture was resolved by preparative HPLC using a YMC-Pack 
5 ODS column (100 x 20 mm i.d., S-5 |im, 120A), a solvent gradient of 80:20 A:B to 
50:50 A:B where A is 0.1% TFA in H2O and B is 0,1% TFA in MeCN, a flow rate of 
20 DfiL/min, and UV detection at 254 nm. One major and two minor components 
were separated. The pooled fractions from the major peak were evaporated under 
vacuum to afford the trifluoroacetic acid salt of 9a-ethyI-6-{4-[2-(l- 
10 piperidinyl)ethoxy]phenyl}-8,9,9a40-tetrahydroindeno[2a-e]indazol-7(3i5)-one(32.3 
mg) as a pale yellow foam. This material was partitioned between CH2CI2 (2 mL) 
and 5% aqueous NaHC03 (0.5 ml). The organic phase was washed with brine, dried 
over MgS04, filtered, and evaporated under vacuum to give the free base form of the 
product (25.4 mg) as a pale yellow oil. The oil was taken up in Et20 (1 mL) 
. 15. containing a few drops of EtOAc and the solution was treated with IM HCl in Et20 
(0.1 mL). The resulting precipitate was collected, washed with Bt20, and dried under 
vacuum to afford 9a-ethyl-6-{4-[2-(l-piperidinyl)ethoxy]phenyl}-8,9,9a,10- 
tetrahydroindeno[2,l-e]indazol-7(3fl}-one hydrochloride salt (22.8 mg) as a pale 
yellow powder. 

20 

. IH NMR (CD3CN, 500 MHz) 5 0.89 (t, CH2CHs\ 1.46, 1.83, and 2.05 (three br m, 
C/72(Cff2CH2)2N).1.60 and 1.82 (two m, CH2CR^l 2.18 and 2.37 (two m, 9-Ci72), 
2.44 and 2.67 (two ddd, 3.14 and 3.53 (two br m, CH2(CH2C//2)2N), 3.15 

and 3.35 (two d, 10-Cif2). 3.38 (m, NCH2CR2O), 4.48 (m, NCH2CH2O). 6.37 (d, 
25 5), 6.7-7.2 (br m, C^H^), 7.13 (d, H-4), 8.07 (s, HA), and 11.67 (br s, Nfl); mass 
spectrum m/z 456.4 (M+1). 
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EXAMPLE 10 

SYNTHESIS OF9a-ETHYL^-f4-HYDRQXYPHENYLV8.9.9a in- 
TETRAHYDROINDENOr2.1-c1INDAZOI^7f3^n-ONP. 




5 A solution of 9a-ethyl-6-(4-hydroxyphenyl)-3-[(4- 

methylphenyl)sulfonyl]-8,9,9a,10-tetrahydroindeno[2,l-e]inda2ol-7(3/0-one(10.0 
mg, 0.02 mmol) in EtOH (0.4 mL) was treated with aqueous IN NaOH (0. 1 mL). The 
resulting yellow-orange solution was stirred at room temperature for 45 minutes, then 
acidified with HO Ac (0.006 mL) and evaporated under vacuum. The residue was 

10 partitioned between EtOAc (5 mL) and water (2 mL). The organic phase was washed 
with brine (2 mL), dried over MgS04, filtered, evaporated under vacuum, and the 
residue lyophilized from benzene to provide an amorphous, off-white solid (7.8 mg). 
The crude product was purified by preparative layer chromatography on a 0.025 x 20 
X 20 cm silica gel GF plate which was developed with 3:2 BtOAc-hexanes. The 

15 major UV visible band at Rf 0. 17-0.29 was extracted with EtOAc and the solvent 
evaporated under vacuum to afford 9a-ethyl-6-(4-hydroxyphenyl)- 8,9,9a, 10- 
tetrahydroindeno[2, 1 -e]indazol-7(3//)-one (6.2 mg, 90% yield) as a pale yellow solid. 
A minor UV visible band at Rf 0.83-0.89 gave EtOTs (1.3 mg) as a clear oU. 

20 IH NMR (10:1 CDCI3-CD3OD, 500 MHz) 5 0.89 (t, CU2CH3), 1.63 and 1.9 (two m, 
Cff2CH3), 2.16 and 2.37 (two m, 9-CH2), 2.58 and 2.70 (two m, 8-CH2), 2.95 and 
3.28 (two d, IO-CH2). 6.45 (d, H-5), 6.7-7.2 (br m, CgH^). 7.02 (d, H-A), and 8.02 (s, 
H-iy, 13c NMR (10:1 CDOs-CDsOD, 125 MHz) 5 9.7, 30.9, 31.0. 33.7, 41.2, 47.8, 
109.0, 115.8. 120.1, 124.9, 126.8, 128.2, 130.0, 131.2, 133.6, 141.2, 142.8. 156.0, 

25 169.3, and 199.1; mass spectrum m/z 345.4 OVI+1). 
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EXAMPLE 11 

SYNTHESIS OF 9a-EIHYL-6-MEIHYL■-8.9,9aJ0■TETRAHYDROI^^ 

elINDAZQL-7(3j?)-QNE 




5 Step 1: 9a-et hvl~6-methvl-2-r(4-methvlphenvnsulfQnvn-8.9.9a.lQ- 

tetrahvdroindenor 2 J-g1indazol-7(2jy)-one and 9a-ethvl-6-methvl>-3-rf4- 
methvlphenvnsulfonvl1-8.9,9a.lO-tetrahvdroindenor2J-g1indazol-7Q^ 

A 57:43 mixture (37.0 mg, 0.0762 mmol) of 6-bromo-9a-ethyl--2-[(4- 
10 methyIphenyl)sulfonyl]-8,9,9aa0-tetrahydroindeno[24-e]indazol-7(^^ and 6- 
bronio-9a-ethyl-3-[(4-methylphenyl)sulfonyl]"8,9,9a40-tetrahydroindenoP 
e]indazol-7(3fl)-one was taken up in anhydrous toluene (L17 mL, 0.065M) and 1.0 
mL of this solution was added to 5-methyl-l-aza-5-stannabicyclo[3.3.3]undecane 
(17.5 mg, 0.064 mmol) and tetrakis(triphenylphosphine)palladium(0) (7.5 mg, 0.0065 
. 15 mmol). The resulting mixture was purged with nitrogen, then stirred under a nitrogen 
atmosphere and heated in an oil bath at lOO^'C for 2 hours. The reaction mixture was 
allowed to cool to room temperature, then cooled in an ice bath and filtered to remove 
the precipitate of 5-brorao-l-aza-5-stannabicyclo[3.3.3]undecane. The filtrate was 
evaporated under vacuum to a dark amber oil (41.7 mg). This material was purified 
20 by chromatography on a Biotage Hash 12S KP-Sil column, eluting with 7:3 hexanes- 
EtOAc, to afford a mixture (22.1 mg, 69% yield) of 9a-ethyl-6-methyl-2-[(4- 
methylphenyl)sulfonyl]-8,9.9a,10-tetrahydroindeno[2,l-e]indazol-7(2fl)-one and 9a- 
ethyI-6-methyl-3-[(4-methylphenyI)sulfonyl]-8,9,9a,10-tetrahydroindeno[2,l- 
e]indazol-7(3//)-one as a yellow oil. 

25 The 5-methyl-l-a2a-5-stannabicyclo[3.3.3]undecane used in this step 

was prepared as follows. A suspension of 5-chIoro-l-aza-5-stannabicyclo[3.3.3]- 
undecane (29.4 mg, 0.1 mmol) in anhydrous THF (0.5 mL) was cooled in an rPrOH- 
dry ice bath (•45''C) and stirred under a nitrogen atmosphere while 1.4M MeLi in 
Et20 (0.10 mL, 0.14 mmol) was added dropwise by syringe. Approximately two 
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minutes following the addition, the suspension gave way to a clear solution. The 
solution was stirred under nitrogen with gradual warming to 0°C over 2 hours, then 
diluted with Et20 to 8 mL, washed with water (3 mL), IM pH 3 phosphate (3 mL), 
water (3 mL), and brine (3 mL), dried over MgS04, filtered, and evaporated under 
5 vacuum to afford 5-methyH-aza-5-stannabicyclo[3.3.3]undecane (22.8 mg, 83% 
yield) as a white solid. 

Step 2: 9a~ethvl-6~ methvl~8.9.9a,lQ-tetrahvdroindenor2J-g1indazol--7GJf>-Qne 

10 A suspension of the //-tosyl products from step 1 (22.1 mg, 0.0526 

nraiol) in EtOH (1.0 mL) was treated with aqueous 5N NaOH (0.053 mL, 0.265 
nrniol) and the mixture was swirled by hand for approximately one minute to give a 
yellow solution. The solution was stirred at room temperature for 30 minutes, then 
acidified with HOAc (0.020 mL) and evaporated under vacuum. The residue in 

15 EtOAc (5 mL) was washed with water (2 mL), 5% NaHCOs (2 mL) and brine (2 mL), 
dried over MgS04, filtered, and evaporated under vacuum to a yellow oil. The oil 
was purified by preparative layer chromatography on a 0.05 x 20 x 20 silica gel GF 
plate using 7:3 hexanes-EtOAc as the developing solvent. The major UV visible band 
at Rf 0.08-0. 19 was eluted with EtOAc and the solvent evaporated under vacuum to 

20 give a gum. This material was swiried with benzene to afford 9a-ethyl-6-methyl- 
8,9,9a, 10-tetrahydroindeno[2,l-^]indazol'-7(3//)-one (13.8 mg, 86% yield) as an off- 
white solid following evaporation of the solvent. NMR analysis revealed that the 
product was isolated as a hemi-benzene solvate. 

25 IH NMR (CDCI3, 500 MHz) 5 0.87 (t, CHsCifj), 1.52 and 1.69 (two m, CH2CH3), 
2.07 and 2.33 (two ddd, 9-C//2), 2.16 (s, 6- CATj), 2.51 and 2.62 (two ddd, 8-0^2), 
2.94 and 3.28 (two d, 7.36 (s, PhH solvate), 7.46 (d, HA), 7.82 (d, ff-S), and 

8.12(s,i/-l). 
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EXAMPLE 12 

SYNTHESIS OF 9a-ETHYI^6-VINYL-8.9■9a.lO-TETRAHYDROI^ro 

e1INDAZOL-7f3fl)-ONE 



5 




Step 1: 9a-ethvl-2-r(4-methvlphenvnsulfonvn-6-vinvl~8,9,9aJQ- 
tetrahvdroindenor 2J-e1indazQl-7(2iD-one and 9a--ethvl-3-r(4->methvlphenvnsulfonvn- • 
6-vinYl-8,9,9a,10-tetrahvdroindenor2J~g1indazol-7(3fll-one 

10 

A mixture (150 mg, 0.31 mmol) of 6-bromo-9a-ethyl-2-[(4- 
methyIphenyl)sulfonyl]-8,9.9a40-teti^ydroindeno[2a-e]indazol-7(2/?^ and 6- 
bromo-9a-ethyl-3-[(4-methylphenyl)sulfonyl]-8,9,9aJ0-tetrahydro^ 
e]indazol-7(3/0-one was dissolved in anhydrous toluene (3.1 mL) and the solution 

15 was treated with tributyl(vinyl)tin (0.180 mL, 0.62 mmol) and 

dichlorobis(triphenylphosphine)palladium(II) (44 mg, 0.062 mmol). The resulting 
mixture was purged with nitrogen, then stirred under a nitrogen atmosphere and 
heated in an oil bath at 100°C for 24 hours. After cooling, the reaction mixture was 
purified by preparative layer chromatography on three 0. 1 x 20 x 20 cm silica gel GF 

20 plates, developing with 5% EtOAc in CH2CI2. The product bands were extracted 

with EtOAc and the extracts were evaporated under vacuum to afford a mixture (143 
mg) of 9a-ethyl-2-[(4-methylphenyl)sulfonyl]-6-vinyl-8,9,9a,10-tetrahydroindeno[2,l- 
e]indazol-7(2H)-one and 9a-ethyl-3-[(4-methylphenyl)sulfonyl]-6-vinyl-8,9,9a,10- 
tetrahydroindeno[2,l-e]indazol-7(3fl)-one as an oil. 

25 

Step 2: 9a-ethvl-6-vinvl-8,9.9a.l Q-tetrahvdrQindenor2.1-glindazQl-7f3ffl-one 

The mixture of the A^-tosyl products from step 1 (143 mg) was 
dissolved in ethanol (2.5 mL) and the solution was diluted with water (0.25 mL) and 
30 aqueous 5N sodium hydroxide (0. 1 86 mL, 0.93 mmol). The resulting mixture was 
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Stirred at room temperature for one hour, and then partitioned between EtOAc (20 
mL) and brine (20 mL). The organic phase was dried over MgS04, filtered, and 
evaporated under vacuum. The residue was purified by preparative layer 
chromatography on two 0.1 x 20 x 20 cm silica gel GF plates, developing with 5% 
5 MeOH in CH2CI2. The product bands were extracted with 10% MeOH in CH2CI2, 
the extracts were evaporated under vacuum, and the residue was lyophilized from 
benzene to afford 9a-ethyl-6-vinyl-8,9,9a,10-tetrahydroindeno[2,l-fi]indazol-7(3i?)- 
one (66 mg, 76% yield over two steps) as an amorphous solid. 

10 IH NMR (CDCI3, 500 MHz) 5 0.88 (t, CH2Ci?5), 1.55 and 1.73 (two m, C//2CH3), 
2.11 and 2.34 (two ddd, 9-Ci/2), 2.55 and 2.65 (two ddd, 8-Cfl2)» 2.98 and 3.30 (two 
d, lO-C^Ts), 5.58 and 5.81 (two dd, CH=Cfl2), 6.61 (dd, Ci/=CH2), 7.45 (d, HA), 
7.96 (d, H-5), 8.17 (s, ff-1), and 10.2 (br s. Nfl). 



EXAMPLE 13 

SYNTHESIS OF 6.9a>>DIETHYL-8.9.9a.l0^IETRAHYDROINDENOr2.1- 

g1INDAZOL-7(3iin-ONE 




20 A mixture of 9a-ethyl-6-vinyl-8,9,9a,10-tetrahydroindeno[2,l- 

e]indazol-7(3//)-one (approx. 30 mg), 10% palladium on carbon (30 mg), and ethanol 
(3 mL) was stirred under an atmosphere of hydrogen for 4 hours. The mixture was 
filtered through a pad of celite and the filtrate was evaporated under vacuum. The 
residue was lyophilized fi-om benzene to afford 6,9a-diethyl-8,9,9a,10- 

25 tetrahydroindeno[2,l-e]indazol-7(3/0-one as an amorphous solid. 

IH NMR (CDOs, 500 MHz) 5 0.86 (t, 9a-CH2Ci?5), 1.15 (t, G^C^^CHs), 1.54 and 
1.68 (two m, 9a-Cfl2CH3), 2.06 and 2.32 (two ddd, 9-CH2), 2.49 and 2.60 (two ddd. 
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8-CH2), 2.58 and 2.73 (two m, 6-Cff2CH3). 2.95 and 3.28 (two d, 10-0^2), 7.48 (br 
d, H^l 7.78 (d, /r-5), and 8.15 (br s, HA), 



EXAMPLE 14 

SYNTHESIS OF 6-AT J.V T^-9a-ETHYL-8,9.9aJ0-TETRAHYDROIhroEN^ 

g1INDAZOL-7(3/n>ONE • 




Step 1 : 6-allvl-9a-ethvl-2-rf4-methvlphenvnsulfonvl V8,9,9a, lO-tetrahvdr^^ 
10 g1indazol-7(2g)-one and 6-allvl->9a-ethvl--3-r(4-methvlphenvnsulfonvn- 8.9,9a.lQ- 
tetrahvdroindenor2J>e1inda2ol-7f3iy>-one 



A mixture (100 mg, 0.206 mmol) of 6-bromo-9a-ethyl-2-[(4- 
methylphenyl)sulfonyl]-8,9,9a,10-tetrahydroindeno[2, l-^]indazol-7(2i^)-one and 6- 

15 bromo-9a«^thyl-3-[(4-miethylphenyl)sulfonyl]-8,9,9a,10-tetrahydroindeno[2,l- 

e]indazol-7(3fO-one was dissolved in anhydrous toluene (2.0 mL) and the solution 
was treated with allyltributyltin (0.128 mL, 0.412 nimol) and 
dichlorobis(triphenylphosphine)palladium(II) (29 mg, 0.041 mmol). The resulting 
mixture was purged with nitrogen, then stirred under a nitrogen atmosphere and 

20 heated in an oil bath at 100°C for 24 hours. After cooling, the reaction mixture was 
purified by preparative layer chromatography on three 0.1 x 20 x 20 cm silica gel GF 
plates, developing with 5% EtOAc in CH2CI2. The product bands were extracted 
with EtOAc, the extracts were evaporated under vacuum, and the residue was 
lyophilized from benzene to afford a mixture (69 mg) of 6-allyl-9a"ethyl-2-[(4- 

25 methylphenyl)sulfonyl]-8,9,9a,10-tetrahydroindeno[2,l-€]indazol-7(2fl)-one and 6- 
aUyl-9a-ethyl-3-[(4-methylphenyl)sulfonyl]-8,9,9a,104etrahydroindeno[2,l-e]in 
7(3/0-one. 
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Step 2: 6-aUvl-9a-ethvl-8.9.9a.l0- tetrahvdTOindenor2.1-e1indazol-7f3/n-one 

The mixture of the iV-tosyl products firom step 1 (69 mg) was dissolved 
in ethanol (3.0 mL) and the solution was diluted with water (0.10 mL) and aqueous 
5 5N sodium hydroxide (0. 103 mL, 0.515 mmol). The resulting mixture was stirred at 
room temperature for 30 minutes, and then partitioned between EtOAc (20 mL) and 
water (20 mL) containing aqueous 2N HCl (1 mL). The organic phase was washed 
with brine (10 mL), dried over MgS04, filtered, and evaporated under vacuum. The 
residue was purified by preparative layer chromatography on a 0.1 x 20 x 20 cm silica 
10 gel GF plates, developing with 5% MeOH in CH2CI2. The product band was 

extracted with 10% MeOH in CH2a2. the extracts were evaporated under vacuum, 
and the residue was lyophilized from benzene to afford 6-allyl-9a-ethyl-8,9,9a,10- 
tetrahydroindeno[2,I-e]indazol-7(3fl)-one (39 mg) as an amorphous solid. 

15 IH NMR (CDCI3, 500 MHz) 6 0.90 (t, CH2CH3), 1.59 and 1.75 (two m. CHzCR^), 
2.11 and 2.36 (two ddd, 9-CH2), 2.53 and 2.65 (two ddd, S-CH2), 2.96 and 3.30 (two 
d, IO-CH2), 3.23 and 3.55 (two m, Cff2CH=CH2), 5.03-5.09 (m, CH=CH2), 6.03 (m, 
Ci?=CH2), 7.42 (d, HA), 7.73 (d, H-5), 8.12 (s, H-1), and 10.21 (br s, Nfl). 

20 

EXAMPLE 15 

SYNTtffiSIS OF 6-CYCLnPENTYI.-9a-RTHYL-8.9.9a.l0- 
TETRAHYDROINDENOr2.1-g1TNOAZOL-7f3ffl-ONE 




25 Step 1: 6-(2-cvclopentai- l-vlV9a-ethvl-2-rf4-methvlphenvnsulfonvl1-8.9.9a. 10- 

tetrahvdroindenor2. l-glindazol-7f2flW>np. and 6-(2-cvclopenten-l-vlV9a-ethvl-3.rr4 
methvlphenvDsulfonvll- 8.9.9a.l0-t etrahY dmindft Tior2.1-elindazol-7f3fl)-one 
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A mixture (25 mg, 0.056 mmol) of 6-bromo-9a-ethyl-2-[(4- 
methylphenyl)sulfonyl]-8,9,9aa04etrahydroindeno[2 J-e]indazol-7(2i?)-oM and 6- 
bromo-9a-ethyl-3-[(4-methylphenyl)sulfonyl]-8,9,9a40-tetrahydroinde 
5 g]indazol-7(3i?)-one was dissolved in anhydrous 1,4-dioxane (0.5 mL) and the 
. solution was treated with cyclopentene (0.049 niL, 0.56 mmol), triethylamine (0.039 
mL, 0.28 mmol), and bis(acetato)bis(triphenylphosphine)palladium(II) (21 mg, 0.028 
mmol). The resulting mixture was stirred under a nitrogen atmosphere and heated in 
an oil bath at 100°C for 3 days. After cooling, the reaction mixture was diluted with 
10 .CH2CI2 and passed through a pad of silica gel. The filtrate was evaporated under 
vacuum to provide a crude mixture of 6-(2-cycIopenten-l-yl)-9a-ethyl-2-[(4- 
methylphenyl)sulfonyl]-8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(2fl)-one and 6-(2- 
cyclopenten-l-yl)-9a-ethyl-3-[(4-methylphenyl)sulfonyl]- 8.9,9a,10- 
tetrahydroindeno[2, l-e]indazol-7(3i?)-one, 

15 

Step 2: 6-f2>cvclop enten-l-vlV9a-ethvl-8.9.9aJ0-tetrahvdroindenor2.1-g1indazQU 
7(3tf)~one 



The mixture of the iV-tosyl products from step 1 was dissolved in 

20 ethanol (0.5 mL) and the solution was diluted with aqueous 2.5N sodium hydroxide 

(0.05 mL). The resulting mixture was stirred at room temperature for. 30 minutes, 

then diluted with CH2CI2 and dried over MgS04. The CH2CI2 solution was filtered 

through a pad of silica gel and the filtrate was evaporated under vacuum. The residue 

was purified by preparative layer chromatography on a 0.1 x 20 x20 cm silica gel GF 

25 plate, developing with 1 : 1 EtO Ac-hexanes. The UV visible product band was 

extracted with EtO Ac and the extracts were evaporated under vacuum to provide 6-(2- 

cyclopenten-l-yl)-9a-ethyl.8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3ii)-one as a 
mixture of diastereomers. 



30 Step 3: 6-cvclopentv]~9a- eti}vl-8.9.9a-10-tetrahvdroindenor2.1-g1indazoI-7f3/n-one 

A mixture of 6-(2<:yclopenten-l-yl>9a-ethyl-8,9,9a,10- 
tetrahydroindeno[2,l-g]indazol-7(3fl)-one (4.5 mg), 10% paUadium on carbon (4.5 
mg), and ethanol (I mL) was stirred under an atmosphere of hydrogen at room 
35 temperature for 6 hours. The mixture was filtered through a pad of celite which was 
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rinsed with EtOAc. The filtrate was evaporated under vacuum to afford 6- 

cyclopentyl-9a-ethyl-8,9,9a40-tetrahydroindeno[24-^]indazol-7(3^^ (4mg) as 
an oil. 

5 iH NMR (CDCI3, 500 MHz) 5 0.84 (t, ^2^5), 1,36-1.71 and 1.82-2.1 1 (two m, 
C/72CH3, four cyclopentyl C//2, one of 9- CH2), 2.36 (m, one of 9-CH2), 2.47 (m, 8- 
CH2\ 2.96 and 3.23 (two d, IO-CH2), 336 (m, cyclopentyl C^, 7.44 (d, HA), 7.72 
(d, and 8.14 (br s, J^-1); mass spectrum m/z 321.2 (M+1). 

10 

EXAMPUE16 

SYNTHESIS OF 6-CYANO-.9a-ETHYL-8.9.9aJ0>TEIllAHYDROINDENOr2.1- 

g1INDAZOL-7f3ffl-ONE 




15 A mixture of 6-bromo-9a-ethyI-8,9,9a,10-tetrahydroindeno[2,l- 

e]indazol-7(3fl)-one (200 mg, 0.60 ramol), copper(I) cyanide (200 mg, 2.23 mmol), 
and anhydrous JV^-dimethylacetamide (2 mL) was stirred under a nitrogen 
atmosphere and heated in an oil bath at 160°C for 20 minutes. After cooling to room 
temperature, the mixture was partitioned between EtOAc (75 mL) and water (75 mL) 

20 containing aqueous 2N HCl (10 mL). The organic phase was washed with water (4 x 
75 mL) and brine (50 mL), dried over MgS04, filtered, and evaporated under vacuum 
to an oil (109 mg). The crude product was purified by preparative layer 
chromatography on a 0.1 x 20 x20 cm silica gel GF plate, developing with 5% MeOH 
in CH2CI2. The product band was extracted with 10% MeOH in CH2CI2 ,the extracts 

25 were evaporated under vacuum, and the residue was lyophilized from benzene to 
provide 6-cyano-9a-ethyI-8,9,9a,10-tetrahydroindeno[2,l-e]indazol"7(3fl)-one as a 
beige colored, amorphous solid. 
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IH mtR (CDCI3, 500 MHz) 5 0.93 (t, CH2CH5), 1.60 and 1.78 (two m, CH2CU2I 
2.11 and 2.42 (two ddd, 9-CH21 2.66 (m, 8-0^2), 3.02 and 3.41 (two d, lO-Ci/2). 
7,58 (d, H-4), 8.27 (br s, H-1), and 8.45 (d, 

5 

EXAMPLE 17 

SYNTHESIS OF l-CmORO-9a-EIlTYL>>6-METHYL-8.9.9a.lO- 
TETRAHYDROINDENOr2J-g1INDAZOL-7Gffl-ONE 




10 A solution of 9a-ethyl-6-methyl-8,9,9a,10-tetrahydroindeno[2,l- 

e]indazol-7(3/0-one (20 mg, 0.075 mmol) in ethanol (0.38 naL) was treated with 
aqueous 5N sodium hydroxide (0.018 mL, 0.09 nimol) andiV-chlorosuccinimide (10 
mg, 0.075 mmol). The mixture was stirred at room temperature for 30 minutes, and 
then partitioned between EtOAc (5 mL) and water (5 mL) containing aqueous 2N HCl 

15 (0.5 mL). The organic phase was washed with brine (5 mL), dried over MgS04, 

filtered, and evaporated under vacuum. The residue was purified by preparative layer 
chromatography on a 0.1 x 20 x 20 cm sihca gel GF plate, developing with 5% MeOH 
in CH2CI2. The UV visible product band \yas extracted with 10% MeOH in CH2CI2 
(10 mL), the extracts were evaporated under vacuum, and the residue was lyophiUzed 

20 from benzene (3 mL) to afford l-chloro-9a-ethyl-6-methyl-8,9,9a,10- 

tetrahydroindeno[2,l-e]indazol-7(3i0-one (12 mg, 53% yield) as an amorphous solid. 

IH NMR (CDCI3, 500 MHz) 6 0.89 (t, CH2C/f3), 1.53 and 1.69 (two m, CH2CH3), 
2.07 and 2.34 (two ddd, 9-C//2), 2.16 (s, 6-Cifj), 2.53 and 2.63 (two ddd, 8-CH2), 
25 3.02 and 3.56 (two d, 10-Cif2). 7.42 (d, HA), and 7.84 (d, 
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EXAMPLE 18 

SYNTHESIS OF l-BROMO-9a-ETHYL-6-MEmYI^8.9.9a.lQ- 
TETRAHYDROINDENOr2J-g1INDAZOL-7f3/n-ONE 




5 A solution of 9a-ethyl-6-methyl-8,9,9a,10-tetrahydroindeno[2,l- 

g]indazol-7(3f0-one (100 mg, 0.375 mmol) in ethanol (2 mL) was treated with 
aqueous 5N sodium hydroxide (0.152 mL, 0.76 mmol) and bromine (0.021 mL, 0.41 
mmol). The mixture was stirred at room temperature for 18 minutes, treated with 
additional bromine (0.003 mL, 0.06 mmol), and stirred at room temperature for 5 

10 more minutes. The mixture was partitioned between EtOAc (20 mL) and water (20 
mL) containing aqueous 2N HCl (2 mL). The organic phase was washed with brine 
(10 mL), dried over MgS04, filtered, and evaporated under vacuum. The residue was 
purified by preparative layer chromatography on two 0.1 x 20 x 20 cm silica gel GF 
plates, developing with 5% MeOH in CH2CI2. The UV visible product bands were 

15 extracted with 10% MeOH in CH2CI2, the extracts were evaporated under vacuum, 
and the residue was lyophilized from benzene (3 mL) to afford l-bromo-9a-ethyl-6- 
methyl-8,9,9a,10-tetrahydroindeno[2,l-g]indazol-7(3iJ)-one (50 mg, 39% yield) as an 
amorphous solid. 

20 IH NMR (CDCI3, 500 MHz) 6 0.89 (t. CH2Ciyj), 1 .53 and 1.68 (two m, Ciy2CH3), 
2.07 and 2.35 (two ddd, 9-Ci?2), 2.15 (s, 6-CH3), 2.52 and 2.62 (two ddd, 8-C^2). 
3.04 and 3.63 (two d, 10-0^2), 7.42 (d, H-4), and 7.84 (d, H-5). 
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EXAMPLE 19 

SYNTHESIS OF 9a-ETHYLr^-METHYI^9.9a-DIHYDROINDENQr2.1- 
g1INDAZOIJE-7.1Qf3H.8ffl-DIONE AND (j;AO-(9aR.lQj?VlQ-CHLORO-9a- 
EIim.-6-METHYI^R ,9.9a.lO-TETRAHYDROINDENOr2J-dINDAZOI^7(3fn- 
5 ONE 




A mixture of 9a-ethyI-6-methyl-8,9,9a,10-tetxahydroindeno[2,l- 
e]indazol-7(3iy)-one (26 mg, 0.10 mmol), //-chlorosucciniiuide (16 mg, 0.12 mmol), 
and dichloromethane (0.25 mL) was stirred at roora temperature for 20.5 hours. The 

10 mixture was diluted with EtOAc (6 mL), washed with water (4 ml) and brine (5 mL), 
dried over MgS04, filtered, and evaporated under vacuum to an oil (22 mg). The 
crude product mixture was purified by preparative layer chromatography on a 0.1 x 20 
X 20 cm silica gel GF plate, developing with 25 % EtOAc in CH2CI2. Two major UV 
visible bands were removed, separately extracted with EtOAc, and the extracts were 

15 concentrated under vacuum. The slower moving band afforded 9a-ethyI-6-methyl- 
9,9a-dihydroindeno[2,l-e]indazole-7,10(3ff,8i0-dione (4.6 mg) and the faster moving 
band provided (mc)-(9a/?,10/?)-10-chloro-9a-ethyl-6-methyl-8,9,9a,10- 
tetrahydroihdeno[2,l-e]indazol-7(3fl)-one (4.5 mg). 

20 10-Keto product: NMR (CDClg, 500 MHz) 6 0.77 (t, CR2CH3), 1.81 and 1.98 
(two m, Cfl2CH3), 1.98 and 2.43 (two ddd, 9-CH2), 2.26 (s, 6-CH3), 2.62 and 2.76 
(two ddd, S-CH2), 7.92 (d, HAotH-S), 8.02 (d. H-5 01 HA), and 8.66 (s, H-l); mass 
spectrum m/z 281.4 (M+1). 

25 lO-Chloro product: iH NMR (CDCI3, 500 MHz) 5 0.94 (t. CH2CH3), 1 .49 and 1 .87 
(two m, CffzCHs), 2.16 (m, one of 9-0^^2). 2.19 (s, 6-Cflj), 2.58-2.67 (m, one of 9- 
CH2 and S-CH2), 5-52 (s, H-10). 7.60 (d, H-A), 7.82 (d, H-5, and 8.29 (d, H-l); mass 
spectrum m/z 301.2 (M+1). 
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EXAMPLE 20 

SYNTEffiSIS OF fjMO-f9a/?j n/?V10-AZrnn -9a-ETHYL-6-ME^ 
TETRAHYDROINDE NOr2 J~g11]SfDAZOI^7f3jjl-0 AND (RAC)-(9aRA0S)A0- 
5 AZIDO-9a-E THYI^6-METHYL-8.9,9aJQ-TETRAH^ 

g1INDAZOL-7Gm-ONE 




A mixture of 9a-ethyl-6-methyl-8,9,9a,10-tetrahyd[roindeno[2,l- 
e]indazol-7(3^0-one (104 mg, 0.40 mmol), AT-chlorosuccinimide (64 mg, 0.48 mmol), 

10 and dichloromethane (1 mL) was stirred at room temperature for 6 hours. The solvent 
was evaporated under a stream of nitrogen and the crude (rac)-(9a/?,10/?)-10-chloro- 
9a-ethyl-6-methyl-8,9,9a,10-tetrahydroindeno[2,l-e]indazoI-7(3fl)-one product thus 
formed was immediately dissolved in anhydrous N^-dimethylformamide (1 mL). 
One-half of this solution was treated with sodium azide (16 mg, 0.24 mmol) and the 

15 resulting mixture was stirred at room temperature for 67 hours and then heated in an 
oil bath at 80°C for 1.5 hours. After cooling, the mixture was diluted with EtOAc (20 
mL), washed with water (5 x 10 mL) and brine (5 mL), dried over MgS04, filtered, 
and evaporated under vacuum. The residue was purified by preparative layer 
chromatography on a 0. 1 x 20 x 20 cm silica gel GF plate, developing with 20% 

20 EtOAc in CH2CI2. The UV visible product band was extracted with EtOAc and the 
extracts were evaporated under vacuum to afford a 9:1 mixture (10.5 mg) of (roc)- 
(9ai?,10i?)-10-azido-9a-ethyl-6-methyl-8,9,9a,10-tetrahydroindeno[2,l-^]indaz^^^ 
7(3^0-one and (rac)-(9a/?,105).10-azido-9a-^thyl-6-methyl-8,9,9a,10- 
tetrahydroindeno [2, 1 -e]indazol-7(3/^)-one. 

25 

iH NMR (CDCI3, 500 MHz) 5 0.92 (t, CHaCHs), 1.45 and 1.79 (two m, C/fjCHa), 
2.16 and 2.41 (two ddd, 2.18 (s, 6-CH31 2.61-2.66 (m, 8-CH2). 4.86 (s, 

10), 7.64 (d, HA), 7.85(d, and 8.27 (s, H-1); mass spectrum m/z 308.4 (M+1). 
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The minor isomer showed resonances at 5 0.59 (t, CH2Cfl5), 2. 16 (s, 6-CH5), 5.07 (s, 
10-fl), 7.56 (d, HAl 7.77(d, H-5\ and 8.35 (s, HA) in the iR NMR spectrum. 



EXAMPLE 21 

SYNTHESIS OF 6-BROMO-9a-ETHYL-9,9a-DIHYDROINDENOr2.1- 
g1]Is[DAZQLE--7,lQr3g.8fl)-DIONE 



O 




A mixture of 6-bromo-9a-ethyl-8,9,9a,10-tetrahydroindeno[2,l- 

10 e]indazol-7(3fl)-one (3 1 mg. 0.094 mmol), potassium persulfate (K2S2O8, 674 mg, 
0.248 mmol), water (1 mL), and MeCN (1 mL) was stirred at room temperature for 
16.8 hours. The mixture was then stirred witfi heating at 50°C (oil bath temperature) 
for one hour followed by heating at 80°C for one hour. The mixture was briefly 
sonicated to disperse the K2S2O3 and then stirred with heating at 80°C for an 

15 additional 3.5 hours. After cooling to room temperature, the mixture was partitioned 
between EtOAc (30 mL), and water (30 mL). The organic phase was washed with 
biine (10 mL), dried over MgS04, filtered, and concentrated under vacuum to an oil 
(20 mg). The crude was purified by preparative layer chromatography on a 0.05 x 20 
X 20 cm silica gel GF plate, developing with 1:1 hexanes-EtOAc. The UV visible 

20 product band was extracted with EtOAc and the eluant evaporated under vacuum to 
provide 6-bromo-9a-ethyl-9,9aKiihydroindeno[2,l-€]indazole«7,10(3H,8if)-dione (5 
mg). Two minor UV visible bands provided samples of 6-bromo-9a-ethyl-10- 
hydroxy-8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3i?)-one (2.1 mg) and 9-bromo- 
5a-^thyW,7-dihydroisochit)meno[3,4-g]indazole-5,8(li?,5aH)-dione (3.7 mg, 

25 tentative assignment). 

10-Keto product: NMR (CDCI3, 500 MHz) 5 0.80 (t, CH2C^5), 1.90 and 2.03 
(two dq, CH2CH3), 2.08 and 2.48 (two ddd, 9-CH2). 2.84 and 2.95 (two ddd, 
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7.97 (dd, HA), 8.68 (d. 8.86 (d, and 10.72 (br s, Nfl); mass spectrum m/z 
345.0 (M+1) and 347.0 (M+3). 



10 



20 



. EXAMPLE 22 

SYNTHESIS OF 9a-^BUTYL-8.9.9a.l0--TETRAHYDRQINDENOr2J-glINnD 

7f3/?)-ONE 




Step 1: 5-(acetvlan3inoV2"butvl-l-jndanone 



Potassium hydroxide (85%, 14 mg, 0.21 nmol) was added to a mixture 
of 5-(acetylamino)-l-indanone (200 mg, 1.05 mmol) and butyraldehyde (0.141 mL, 
1.57 mmol) in ethanol (1 mL). The suspension rapidly gave way to a solution. The 
solution was stirred at room temperature for 10 minutes and then treated with 10% 
15 palladium on carbon (20 mg), placed under a hydrogen atmosphere, and stirred at 
room temperature for 50 minutes. The mixture was filtered and the filtrate was 
concentrated under vacuum to an oily residue. This material was purified by 
preparative layer chromatography on three 0.1 x 20 x 20 cm silica gel GF plates, 
developing with 5% MeOH in CH2CI2. The UV visible product band was eluted with 
10% MeOH in CH2CI2 and the eluant was evaporated under vacuum to provide 5- 
(acetylamino)-2"butyH-indanone (151 gm, 59% yield) as an oil. 



Step 2: 5-facetvlamino)-4-bromo-2-butvl-l>indanone 

A solution of 5-(acetylamino)-2-butyl-l-indanone (1.19 g, 4.85 mmol) 
andiV-bromosuccinimide (0.95 g, 5.34 mmol) in anhydrous iV,Ar-dimethylfoimamide 
(4.85 mL) was stirred under a nitrogen atmosphere and heated in an oil bath at 60°C 
for 2.5 hours. The mixture was evaporated under vacuimi to a residue that was 
partitioned between EtOAc (100 mL) and water (100 mL). The organic phase was 
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washed with water (3 x 100 mL) and brine (50 mL), dried over MgS04, filtered, and 
evaporated under vacuum to a solid. This material was purified by chromatography 
on EM silica gel 60 (230-400 mesh, 2.75 x 27 cm column), eluting with 5% EtOAc in 
CH2CI2. The product containing fi:actions were evaporated under vacuum to provide 
5 5-(acetylamino)-4-bromo-2-butyl-l-indanone (0.836 g, 56% yield) as a solid. 

Step 3: 5-(acetvlamino)-2-butvM-methvl"l-indanone 

A mixture of 5-(acetylamino)-4-bromo-2-butyl-l~indanone (836 mg, 
10 2.7 mmol), triphenylphosphine (142 mg, 0.54 mmol), lithium chloride (315 mg, 7.43 
mmol), tetramethyltin (0.750 mL, 5.4 mmol), dichlorobis(triphenylphosphine)- 
palladiumOn) (142 mg, 0.2 mmol), and anhydrous JV,iV-dimethylformamide (14 mL) 
was purged with nitrogen and then stirred under a nitrogen atmosphere and heated in 
an oil bath at 100*^C for 16.5 hours. After cooling to room temperature, the mixture 
15 was concentrated under vacuum and the residue was partitioned between EtOAc (100 
mL), and water (100 mL). The organic phase was washed with water (2 x 100 mL) 
and brine (50 mL), dried over MgS04, filtered, and evaporated under vacuum to a 
solid (720 mg). A 420 mg sample of the cmde product was purified by preparative 
layer chromatography on four 0.1 x 20 x 20 cm silica gel GF plates which were 
20' developed twice with 25% EtOAc in CH2CI2. The UV visible product band was 
extracted with EtOAc and the extracts were evaporated under vacuum to provide 5- 
(acetylamino)-2-butyl-4-methyl-l-indanone (300 mg, 74% yield) as a white solid. 

Step 4: 5-(acetvlaminoV2-butvl-4-methvl'2-(3H3xobutvlVl-indanone 
25 ' 

A suspension of 5-(acetylamino)-2-butyl-4-methyl-l-indanone (300 
mg, 1.16 mmol) in anhydrous tetrahydrofuran (1 mL) was treated with methyl vinyl 
ketone (0.116 mL, 1.39 mmol) and l,8-diazabicycIo[5.4.0]undec-7-ene (0.035 mL, 
0.232 mmol). The mixture was stirred under a nitrogen atmosphere at room 
30 temperature. After 20 minutes, the heavy suspension gave way to a solution. After 18 
hours, the mixture was partitioned between EtOAc (20 mL) and water (20 mL) 
containing aqueous 2N HCl (2 mL). The organic portion was washed with water (10 
mL) and brine (5 mL), dried over MgS04, filtered, and evaporated under vacuum to 
provide cmde 5-(acetylanuno)-2-butyl-4-methyl-2-(3-oxobutyl)-l-indanone (400 mg) 
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as an oil. The NMR spectrum of this material revealed that the desired product 
was accompanied by the //-(3-oxobutyl) derivatives of both the starting material and 
the product. 

5 Step 5: 7-(acetvlaminoV9a-butvl-8-methvl-1.2.9.9a-tetrahvdro-3g-fluoren-3-one 

The product mixture (400 mg, approx. 1.16 mmol) form step 4 was 
dissolved in toluene (2.5 mL) and the solution was treated with pyrrolidine (0.097 
mL, 1.16 mmol) and acetic acid (0.066 mL, 1.16 mmol). The mixture was stirred and 

10 heated in an oil bath at 100**C for 3 hours. After cooling to room temperature, the 
mixture was partitioned between EtOAc (50 mL) and water(50 mL) containing 
aqueous 2N HCl (3 mL). The organic phase was washed with water (50 mL), 
aqueous NaHC03 (50 mL) and brine (10 mL), dried over MgS04, filtered, and 
evaporated under vacuum to an oil (220 mg). The crude product was purified by 

15 preparative layer chromatography on two 0. 1 x 20 x 20 cm silica gel GF plates, 

developing with 5% MeOH in CH2CI2. The UV visible product band was eluted with 
10% MeOH in CH2CI2 and the eluant was evaporated under vacuum to afford 7- 
(acetylamino)-9a-butyl-8-methyl-l,2,9,9a-tetrahydro-3if-fluoren-3-one (75 mg, 21% 
yield over two steps) as an oil. 

20 

Step 6: 7-aniino-9a-butvl-8-methvl-L2,9,9a"tetrahvdro-3g-fluoren-3"One 

A mixture of 7-(acetylamino)-9a-butyl-8-methyM,2,9,9a-tetrahydro- 
3H-fluoren-3-one (75 mg, 0.24 mmol), ethanol (1 mL), aqueous 5N sodium hydroxide 

25 (0. 10 mL, 0.5 nmiol), and water (0.25 mL) was stirred and heated in an oil bath at 
90°C for 4 hours. After cooling to room temperature, the mixture was partitioned 
between EtOAc (10 mL) and water (10 mL) containing aqueous 2N HCl (0.25 mL). 
Th e organic phase was washed with brine (10 mL), dried over MgS04, filtered, and 
evaporated under vacuum to an oil. This material was lyophilized from benzene (2 

30 mL) to afford 7-amino-9a-butyl-8-methyl-l ,2,9,9a-tetrahydro-3/?-fluoren-3-one (60 
mg, 92% yield) as an amorphous solid. 

Step 7: 9a-butvl-8-methvl-3K)xo>23.9.9a-tetrahvdro-lg-fluorene-7-diazonium 
hexafluorophosphate 
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A solution of 7-amino-9a-butyl-8-methyl-l,2,9,9a-tetrahydro-3i7- 
fluoren-3-one (20 mg, 0.074 mmol) in acetic acid (0.25 mL) was treated with aqueous 
2N HCl (0.25 mL) and the resulting dark solution was cooled in an ice bath. After 3 
5 ' minutes, sodium nitrite (5.6 mg, 0.082 mmol) was added and the dark solution was 
stirred at 0°C for 20 minutes. The reaction mixture was then treated with aqueous 
0.543M potassium hexafluorophosphate (0.273 mL, 0.148 mmol) to give a gummy 
precipitate. The mixture was centrifuged and the insoluble portion was washed with 
cold water (2x4 mL) and dried under vacuum to afford crude 9a-butyl-8-methyl-3- 
10' oxo-2,3,9,9a-tetrahydro-lff-fluorene-7"diazonium hexafluorophosphate as a semi- 
solid. 

Step 8: 9a-butvl-8.9.9aJ0-tetrahvdroindenor2.1-g1indazol-7f3iry-one 

15 The crude diazonium salt from step 7 was dissolved in chloroform-^/ 

(CDCI3, 1.0 mL) and the solution was treated with potassium acetate (15 mg, 0.148 
mmol) and dibenzo-18-crown-6 (2.7 mg, 0.0074 mmol). The resulting dark 
suspension was sonicated for one minute, stirred at room temperature for 30 minutes, 
and then partitioned between EtOAc (10 mL) and water (10 mL) containing aqueous 

20 2N HCl (1 mL). The organic phase was washed with brine (5 mL), dried over 
MgS04, filtered, and evaporated under vacuum. The residue was purified by 
preparative layer chromatography on a 0.05 x 20 x 20 cm silica gel GF plate that was 
developed with 5% MeOH in CH2CI2. The UV visible product band was extracted 
with 10% MeOH in CH2CI2 and the extracts were evaporated under vacuum to afford 

25 9a-butyl-8,9,9a,10-telrahydroindeno[2,l-e]indazol-7(3Z0-one (6.7 mg). 

IH NMR (DMS0~rf5, 500 MHz) 5 0.77 (t, CH2CH2CH2C/f5), 1.09-1.29 (m, 
CH2CH2C//2CH3), 1.41 and 1.64 (two m, CH2CH2CH2CH3), L99 and 2.25 (two 
ddd, 9-C//2), 2.30 and 2.52 (two ddd, 8-0^2), 2.91 and 3.30 (two d, IO-CH2), 6.19 (s, 
30 7.49 (d, or 7.66 (d, ^-5 or i/-4), 8.19 (s, H-1), and 13.40 (br s, NH), 
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EXAMPLE 23 

SYNTHESIS OF 6-BROMQ-9a-BUTYI^8.9,9aJ()-TETRAHYDROIN^ 

g1INDAZOI^7f3m-QNE 




5 Step 1: 7-facetvlamino'>- 4-bromo-9a-butvl-8-methvl-1.2>9,9a->tetrahv^^^ 
3-one 

Sodium bicarbonate (32 mg, 0.384 mmol) and bromine (6.6 pL, 0.128 
mmol) were added to a suspension of 7-(acetylamino)-9a-butyl-8-methyl-l,2,9,9a- 
tetrahydro-3^r-fluoren-3-one (40 mg, 0.128 mmol) in carbon tetrachloride (1 mL). 

10 The mixture was stin:ed at room temperature for 15 minutes, and then partitioned 
between EtOAc (20 mL) and dilute aqueous Na2S203. The organic phase was 
washed with brine (10 mL), dried over MgS04, filtered, and evaporated under 
vacuum to an oil. The NMR spectrum of this material showed starting material 
and product. The oil was taken up in carbon tetrachloride (1 mL) and 

15 dichloromethane (0.5 mL), treated with sodium bicarbonate (32 mg, 0.384 mmol) and 
bromine (3 jxL, 0.058mmol), and the mixture was stirred at room temperature for 5 
minutes. Workup as described above gave an oil that was lyophilized from benzene 
(3 mL) to afford crude 7-(acetylamino)-4-bromo-9a-butyl-8-methyl-l, 2,9,9a- 
tetrahydro-3jff-fluoren-3-one (50 mg) as an amorphous solid. 

20 

Step 2: 7-amino-4-bromo-9a-bu tvl-8-methvl-L2.9.9a-tetrahvdro-3g-fluoren--3-one 

A mixture of crude 7-(acetylamino)-4-bromo-9a-butyl-8-methyl- 
l,2,9,9a-tetrahydro-3ff-fluoren-3-one (50 mg), ethanol (1.75 mL), water (0.25 mL), 
25 and aqueous 5N NaOH (0.1 mL) was stirred and heated in an oil bath at 100**C for 3.5 
hours. After cooling to room temperature, the mixture was diluted with BtOAc (20 
mL), washed with water (20 mL) containing aqueous 2N HCl (0.25 mL), and washed 
with brine (10 mL). The combined aqueous washes were back-extracted with EtOAc 
(10 mL). The combined EtOAc solution was dried over MgS04, filtered, and 
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evaporated under vacuum to an oil (44 mg). The crude product was purified by 
preparative layer chromatography on a 0.1 x 20 x 20 cm silica gel GF plate, 
developing withlO% EtOAc in CH2CI2. The UV visible product band was extracted 
with EtOAc, the extracts were evaporated under vacuum, and the residue was 
5 lyophilized fi-om benzene to afford 7-amino-4-bromo-9a"butyl-8-methyl-l,2,9,9a- 
tetrahydro-3/^-fluoren-3-one (20 mg) as an amorphous solid. 

Step 3: 4-bromo-9a-butvl>-8'-methvl-3-oxo-23,9.9a-tetrahvdro-lH-fluorene-7- 
diazonium hexafluorophosphate 

10 

Sodium nitrite (3.3 mg, 0.047 mmol) was added to an ice-cold 
suspension of 7-amino-4-bromo-9a-butyl-8-methyH,2,9,9a-tetrahydro-3^-fluoTen-3- 
one (15 mg, 0.043 mmol) in acetic acid (0.3 mL) and aqueous 2N HCl (0.2 mL). 
After stirring for 2 minutes at 0°C, the suspension gave way to a yellow solution. 
15 After stirring for an additional 45 minutes at 0°C, the solution was treated with 

aqueous 0.543M potassium hexafluorophosphate (0.160 mL, 0.086 mmol) and ice- 
cold water (1 mL). The precipitate that formed was collected by centrifugation, 
washed with cold water (2x3 mL), and dried under vacuum to provide cmde 4- 

bromo-9a-butyl-8-methyl-3-<>xo-2,3,9,9a4etrahydro-lH-fluorene-7-diazonium 
20 hexafluorophosphate. 

Step 4: 6-bromo-9 a-butvl-8.9.9a.l0-tetrahvdroindenor2.1-g1indazoI^7f3/n-Qne 

The cmde diazonium salt from step 3 was dissolved in 
25 chlorofonn-cf (CDCI3, 1.0 mL) and the solution was treated with potassium acetate 
(8.5 mg, 0.086 mmol) and dibenzo-18-crown-6 (0.7 mg, 0.002 mmol). The resulting 
suspension was sonicated for one minute and stirred at room temperature for 130 
minutes. The mixture was directly purified by preparative layer chromatography on a 
0.05 X 20 X 20 cm silica gel GF plate, developing with 5% MeOH in CH2CI2. The 
30 UV visible product band was extracted with 10% MeOH in CH2CI2, the extracts were 
evaporated under vacuum, and the residue was lyophilized from benzene (3 mL) to 

afford 6-bromo-9a-butyl-8,9,9a,10-tetrahydroindeno[2,l-g]indazol-7(3/0-one (8.5 
mg) as an amorphous solid. 
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NMR (DMSO-Jg. 500 MHz) 5 0.76 (t, CH2CH2CH2Ci75), 1.07-1.26 (m, 
CH2CH2C//2CH3), 1.41 and 1.67 (two m. Ciy2CH2CH2CH3), 2.14 and 2.24 (two 
ddd, 9-CH2X 2.59 and 2.79 (two ddd, B-CH21 3.04 and 336 (two d, 10-0^2)* 7.58 (d, 
HAl 8.27 (s, H-1). 8.45 (d, i?-5), and 13.49 (br s, NH), 



EXAMPLE 24 

SYNTHESIS OF 9a>BIJTYL-6>TRIFLUOROMETHYL-8.9.9a.lO- 
TE^lAHYDROINDEN0^2J■g^I^mAZOL-7G^^ 



10 




Step 1 : 7--(acetvlamiDo)-9a-butvl>8-methvI-4--trifluon)methvl-L2>9.9a4etrahvd^^ 
fluoren~3-one 

7-(Acetylanuno)-4-bromo-9a-butyl-8-methy]- 1 ,2,9,9a-tetrahydro-3ff- 
15 fluoren-3-one (500 mg, 1.29 mmol) and copperOO iodide (294 mg, 1.54 nunol) were 
taken up in anhydrous iV^-dimethylformamide (25.8 mL). The resulting mixture was 
placed under a N2 atmosphere, treated with methyl (fluorosulfonyl)difluoroacetate 
(1.2 mL, 9.42 mmol), and then stirred with heating in an oil bath at SO^'C for 7 hours. 
After cooling to roopi temperature, the mixture was filtered. The filtrate was washed 
20 with water (5 x 200 mL) aad brine (50 mL), dried over MgS04, filtered, and 

concentrated under vacuum to an orange oil (0.7 g). The crude product was purified 
by column chromatography on EM silica gel 60 (230-400 mesh, 2.5 x 20 cm colunm), 
eluting with CH2CI2 (32 x 8 mL Sections) followed by 20% EtOAc in CH2CI2 (28 x 
8 noL fractions). The product containing firactions were combined and evaporated 
25 under vacuum to afford 7-(acetylamino)-9a-butyl-8-methyl-4-trifluoromethyl" 
l,2,9,9a-tetrahydro-3H-fluoren-3-one (230 mg) as an oil. 

Step 2: 7-aminn- 9a-butvl-8-methvl-4>trifluoromethvl-l,2.9,9a4etrahvdro-3g--fluoren- 
3-one 
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A solution of 7<acetylainino)-9a-butyl-8-methyl-4-trifluorom 
l,2,9,9a-tetrahydro-3/f-fluoren-3-one (210 mg) in EtOH (7.6 niL) was treated with 
water (2 mL) and cone. HCl (1 mL). The resulting solution was stirred and heated in 
an oil bath at 80°C for 2.4 hours. After cooling to room temperature, the mixture was 
5 filtered to remove a solid precipitate. The solid was rinsed with EtOH (0.5 mL) and 
dried under vacuum to provide an orange solid (87 mg). This material was identified 
as the HCI salt of the desired product. The filtrate and washings were added to EtOAc 
(20 mL), washed with aqueous NaHC03 (20 mL) and brine (10 mL), dried over 
MgS04, filtered, and concentrated under vacuum to an oil (104 mg). This material 

10 was purified by preparative layer chromatography (PLC) on a 0. 1 x 20 x20 cm silica 
gel GF plate, developing with 5% MeOH in CH2CI2. The UV visible product band 
was eluted with 10% MeOH in CH2CI2 and the eluant evaporated under vacuum to 
provide the product free base. 

The HCl salt (87 mg) described above was partitioned between EtOAc 

15 (10 mL) and aqueous NaHCOg (10 mL). The EtOAc phase was washed with brine 
(10 mL), dried over MgS04, filtered, and evaporated under vacuum to provide the 
product free base (80 mg) as an oil. This material was combined with the ft^e base 
isolated after PLC and the combination lyophilized from benzene to afford 7-amino- 
9a-butyl-8-methyl-4-trifluoromethyl-l ,2,9,9a-tetrahydrO'-3Zf-fluoren-3-one (136 mg) 

20 as an amorphous, orange solid. 

Step 3: 9a-butvl- 6-trifluoromethvI-8.9.9a.l0-tetrahvdroindenor2.1-g1indazol-7f3g)- 
one 

A solution of 7-amino-9a-butyl-8-methyl-4-trifluoromethyl-l ,2,9,9a- 
25 tetrahydro-3/?-fluoren-3-one (50 mg, 0.148 mmol) in anhydrous CH2CI2 (0.74 mL) 
was cooled in a dry ice-acetonitrile bath (approx. -30°C). The cold solution was 
treated with nitrosonium tetrafluoroborate (17.7 mg, 0.151 mmol) and the mixture 
was sdrred in the cold for 55 minutes. The reaction mixture was treated with KOAc 
(29 mg, 0.296 mmol) and dibenzo-18-crown-6 (2.7 mg, 0.0074 mmol) and then 
30 stirred with gradual wanning from -25°C to 0°C over 25 minutes. The mixture was 
removed from the cooling bath and stirred at room temperature for 15 minutes. The 
mixture was partitioned between CH2CI2 (20 mL) and water (20 mL). The organic 
phase was dried over MgS04, filtered, and evaporated under vacuum to an orange oil 
(57 mg). The crude product was purified by preparative layer chromatography on a 
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0.1 X 20 X 20 cm silica gel GF plate, developing with 10% EtOAc in CH2CI2. The 
product band was eluted with EtOAc, the eluant evaporated under vacuum, and the 
residue lyophilized from benzene to afford 9a-butyl-6-trifluoromethyl-8,9,9a,10- 
tetrahydroindeno[2,l-e]indazol-7(3fl)-one (20 mg) as an amorphous solid. 

5 

IH NMR (CDC]3, 500 MHz) 6 0.81 (t. CH2CH2CH2Cfl'5), 1.16-1.26 (m, 
CH2Ciy2CH2CH3), 1.33 and 1.60 (two m, Cfl2CH2CH2CH3), 2.15 and 2.32 (two 
ddd, 9-CH2). 2.55-2.67 (m, 8-CH2), 3.07 and 3.32 (two d, 10-0^2). 7.45 (d, H-4), 
7.84 (qd, H-5), 8.15 (s, H-1), and 10.31 (br s, NH); mass spectrum m/z 349.2 (M+1). 



EXAMPLE 25 

SYNTBOBSIS OF 9a-BUTYI^6-MEIHYI^8.9.9a.lO-TETRAHYDRQINDENOp ., 1 - 

elINDAZQL-7(3fl)-ONE 



15 




Step 1: 5-riV-f3-oxopentvDacetvlamino1-2-butyl-4-metfavl-2-(3-oxopentvn-l- 
indanone 

I 

A suspension of 5-(acetylamino)-2-butyl-4-inethyl-l-indanone (169 

20 . nig, 0.65 inmol) in anhydrous tetrahyclrofuran(l J niL)w^ 

ketone (EVK, 0.078 mL, 0.78 mmol) and l,8-diazabicyclo[5.4.0]undec-7^ne (0.0194 
mL, 0.13 mmol). The mixture was stirred under a nitrogen atmosphere and heated in 
an oil bath at 60°C. After 5 minutes, the suspension gave way to a solution. After 
18.7 hours, the mixture was treated with additional EVK (0.078 mL, 0.78 mmol) and 

25 DBU (0.02 mL, 0.13 mmol) and then heated at 60'*C for an additional 4 hours. The 
reaction mixture, which contains the 5-[A^-(3-oxopentyI)acetylamino]-2-butyl-4- 
methyl-2-(3-oxopentyl)-l-indanone product, was cooled to room temperature and 
used directly in the next step. 
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Step 2: 7>rJV^G-Qxopentvl)acetvlainino1-9a-butvI-4,8-dimethvl-L2.9,9^^^ 
3H-fluoren"3-one 

The reaction mixture from step 1 was diluted with acetic acid (3 mL) 
5 and aqueous 6N HC] (3 mL) and the resulting mixture was stirred and heated in an oil 
bath at lOC^C for 19.8 hours. After cooling to room temperature, the mixture was 
. partitioned between EtOAc (20 mL) and water (20 mL) containing aqueous 2N HCl 
(2 mL). The organic portion was washed with water (20 mL), aqueous 5% NaHC03 
(50 ml) and brine (20 mL), dried over MgS04, filtered, and evaporated under vacuum 
10 to an oil (300 mg). The crude product was purified by preparative layer 

chromatography on three 0.1 x 20 x 20 cm silica gel GF plates, developing with 10% 
EtOAc in CH2CI2. The UV visible product band was extracted with EtOAc and the 
extracts were evaporated under vacuum to afford 7-[iV-(3-oxopentyl)acetylamino]-9a- 
butyl-4,8-dimethyH,2,9,9a-tetrahydro-3fl-fluoren-3-one (130 mg) as an oil. The 
15 NMR spectrum of this material showed a noixture of two amide rotational isomers. A 
second UV visible band provided a by-product identified as 9a-butyl-4-ethyl-6,ll- 
dimethyl-8,9,9a,10-tetrahydro-7fl-indeno[l,2-g]quinolin-7-one by ^HNMR. 

Step 3: 7-amino-9a-butvM,8-dimethvl-L2.9,9a-tetrahvdro-3jH^>fluoren-3-one 

20 

A solution of 7-[iV-(3-oxopentyl)acetylamino]-9a-butyl-4,8-dimethyl- 
l,2,9,9a-tetrahydro-3H-fluoren-3-one (130 mg) in ethanol (4 mL) was treated with 
aqueous 5N NaOH (7 drops). The resulting mixture was stirred and heated in an oil 
bath at 100°C for 3 hours, then treated with more 5N NaOH (3 drops) and heated an 

25 additional one hour at 100°C. After cooling to room temperature, the mixture was 
diluted with EtOAc (20 mL), washed with water (20 mL) containing 2N HCl (1 mL), 
and washed with brine (10 wL), The combined aqueous washes were back-extracted 
with EtOAc (5 mL). The combined organics were dried over MgS04, filtered, and 
evaporated under vacuum to a gum. This material was purified by preparative layer 

30 chromatography on a 0.1 x 20 x 20 cm silica gel GF plate, developing with 5% MeOH 
in CH2CI2. The UV visible product band was extracted with 10% MeOH in CH2CI2, 
the extracts were evaporated under vacuum, and the residue was lyophilized fix)m 
benzene to afford 7-amino-9a-butyl-4,8Klimethyl-l,2,9,9a-tetiahydro-3JE^fluoren^ 
one (65 mg) as an amorphous solid. 

35 
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Step 4: 9a-butvl-4, 8-dimethvl-3-oxo-23,9.9a-tetrahvdr()-lg-fl^^ 
hexafluorophosphate 

A solution of 7-amino-9a-butyl-43-dimethyl-l,2,9,9a-tetrahyd^ 
5 fluoren-3-one (20 mg, 0.071 mmol) in acetic acid (0.25 mL) was treated with aqueous 
2N HCl (0.25 mL) and the resulting solution was cooled in an ice bath. Sodium 
nitrite (5.4 mg, 0.078 nraiol) was added and the solution was stirred at 0°C for 50 
minutes. The reaction mixture was then treated with aqueous 0.543M potassium 
hexafluorophosphate (0.26 mL, 0.141 mmol) to give a solid precipitate. The mixture 
10 was diluted with cold water (1 tdL) and centrifuged. The solid pellet was washed 
with cold water (3 mL) and dried under vacuum to afford crude 9a-butyl-4,8- 

dimethyl-3-oxo-23,9,9a-tetiahydro-ljH-fluorene-7-diazonium hexafluorophosphate as 
apowden 

15 Step 5: 9a-butvl-6-methvl-8.9.9a.l0-tetrahvdroindenor2,l-glinda2ol-7(3ffl-one 

The crude diazonium salt from step 4 was dissolved in chloroform-^/ 
(CDCI3, 1.0 mL) and the solution was treated with potassium acetate (14 mg, 0.142 
mmol) and dibenzo-18-crown-6 (1.3 mg, 0.0036 mmol). The resulting suspension 

20 was sonicated for one minute and then stirred at room temperature for 15 minutes. 
The mdxture was purified by preparative layer chromatography on a 0.1 x 20 x 20 cm 
silica gel GF plate that was developed with 5% MeOH in CH2CI2. The UV visible 
product band was extracted with 10% MeOH in CH2CI2, the extracts were evaporated 
under vacuum, and the residue was lyophilized from benzene (3 mL) to afford 9a- 

25 butyl-6-methyl-8,9,9a,10-tetrahydn)indeno[2,l-e]indazol-7(3i^)K^^^^ (14 mg) as a 
yellow-orange, amorphous solid. . 

IHNMR (DMS0-d6, 500 MHz) 5 0.76 (t, CH2CH2CH2Ci75), 1.09-1.26 (m, 
CH2C//2Ci?2CH3), 1.32 and 1.59 (two m, CH2CH2CH2CH3), 2.02 and 2.22 (two 
30 ddd, 9-Cif2), 2.03 (s, 6-Ci/j), 2.35 and 2.55 (two ddd, 2.92 and 3.27 (two d, 

IO-CH21 7.51 (d, HA\ ins (d, H^5), 8.20 (s, i7-l). and 13.33 (s, 



-101- 



wo 02/41835 



PCT/USOl/44010 



EXAMPLE 26 

SYNTHESIS OF 6>METHYI^ 9a-PROPYL>8.9,9aJ0-TErRAHYDROINDENOr2 U 

g1INDAZQI^7f 3/n-ONE OXIMB 




5 A mixture of 6-methyl-9a-propyI-8,9,9a,10-tetrahydroindeno[2,l- 

e]indazol-7(3fl)-one (10 mg, 0.036 mmol), hydroxylamine hydrochloride (12.4 mg, 
0.178 mmol), and pyridine (0.18 mL) was stirred at room temperature for 4 days. The 
mixture was evaporated under vacuum and the residue was partitioned between 
EtOAc (10 mL) and water (10 mL) containing aqueous 2N HCl (5 mL). The organic 

10 phase was dried over MgS04, filtered, and evaporated under vacuum to a solid. The 
crude product was purified by preparative layer chromatography on a 0.025 x 20 x 20 
cm silica gel GF plate, developing twice with 5% MeOH in CH2CI2. The UV visible 
product band was extracted with 10 % MeOH in CH2CI2, the extracts were 
evaporated under vacuum, and the residue was lyophilized from benzene to afford 6- 

15 methyl-9a-propyl-8,9,9a,10-tetrahydroindeno[2,l^]indazol-7(3fl)-one oxime (7.8 
mg) as an amorphous solid. The NMR spectrum revealed a 96:4 oxime isomers, the 
major isomer presumable having the (7jE)-configuration. 

NMR (pUSO'd^, 500 MHz) 5 0,73 (t, CH2CH2Ci75), 1.09 and 1.14 (two m, 
20 CH2Cff2CH3), 1.21 and 1.33 (two dt, CH2CH2CH3). 1.61 and 2.09(two ddd, 9-CH2), 
2.14 (s, 6-CH5), 2.29 and 2.79 (two ddd, 8-C//2). 2.82 and 3.17 (two d, IO-CH2), 7.43 
(d, H^l 7.67 (d, i?-5), 8.09 (s, H-l), 10.83 (s, OH), and 13.17 (s. NH). The minor 
isomer showed 5 10.28 (s, OH). 

25 



-102- 



wo 02/41835 



PCT/DSOl/44010 



EXAMPUE27 

SYNTHESIS OF fJ;AO-f9a5J0^-9a-ETHYI^6 J0-DMTHYI^8.9.^^ 
TETRAHYDROINDENOr2,l-g1P^AZOL-7f3/n-ONE 




5 Step 1: l-f2-methvl-3-nitrophenvl)ethanone 

A solution of 2-methyl-3-nitrobenzoyI chloride (4.00 g, 20.0 mniol) 
and palladium(ll) acetate (150 mg, 0,67 mmol) in anhydrous tetrahydrofuran (20 mL) 
was placed under a nitrogen atmosphere and cooled in an ice bath. The cold solution 

10 was treated with 2.0M dimethylzinc in toluene (1 1 mL, 22.0 mmol) over 3 minutes. 
The reaction mixture was stirred at 0°C for 30 minutes and at room temperature for 30 
minutes, then added to aqueous 2N HCl (50 mL) and extracted with EtOAc (50 mL). 
The organic phase was washed with water (50 mL) and brine (50 mL), dried over 
MgS04 , filtered, and evaporated under vacuum to an oil (4.49 g). The cmde product 

15 was purified by chromatography on a Biotage Flash 40S KP-Sil column using 9: 1 
hexanes-EtO Ac as the eluting solvent The product containing fractions were 
combined and concentrated to approximately one third volume to give a suspension. 
The mixture was filtered and the solid portion washed with hexanes and dried under 
vacuum to afford l-(2-methyl-3-nitrophenyl)ethanone (0.96 g, 27% yield) as a white 

20 solid. The filtrate and washings were evaporated uiider vacuum and the residue was 
crystallized from warm 9:1 hexanes-EtOAc to give additional product (0.59 g, 16%) 
as white solid. 

Step 2: rgyt-butyl f2Z)-3-f2-methvl-3~nitrophenvlV2-butenoate and tert-hutvl (2E)-3- 
25 (2-methvl-3-nitrophenvlV2-butenoate 

A solution of l-(2-methyI-3-nitrophenyl)ethanone (0.78 g, 4.35 namol) 
and (tert-butoxycarbonylmethylene)triphenylphosphorane (1.80 g, 4.79 mmol) in 
anhydrous toluene (5.0 mL) was placed under a nitrogen atmosphere, stined, and 
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heated at reflux for 10 hours. After storing at room temperature for two days, the 
reaction mixture was treated with additional phosphorane (1.00 g, 2.66 mmol) and 
heated at reflux for an additional 24 hours. After cooling, the mixture was applied to 
a Biotage Flash 40S KP-Sil column which was eluted with 10% EtOAc in hexanes. 
5 The product containing fractions were combined and evaporated under vacuum to 
afford a 7:3 mixture of tert-huty] (2Z)"3-(2-methyl-3-nitrophenyl)-2-butenoate and 
^^rr-butyl (2£}-3-(2-.methyl-3-mtrophenyl)-2-butenoate (517 mg, 43% yield) as an oil. 
The major isomer is tentatively assigned the (2Z)-configuration. 

10 Step 3: tert-huty\ (2Z)-3-(3-amino-2>methvlphenvlV2-butenoate and tert-hutvl f2g)- 
3-f3-amino-2-methvlphenvlV2-butenoate 

A mixture of mixture of fert-butyl (2Z)-3-(2-methyl-3-nitrophenyl)-2- 
butenoate and /erf-butyl (2£)-3-(2-methyl-3-nitrophenyl)-2-butenoate (517 mg, 1.86 
15 mmol) and 10% palladium on carbon (51 mg) in metiianol ((5 mL) was hydrogenated 
on a Parr shaker at 50 psi for 16 hours at room temperature. The reaction mixture was 
filtered and the filtrate evaporated under vacuum to afford a crude mixture of tert- 
butyl (2Z)-3-(3-amino-2-methylphenyl)-2-butenoate and tert-hutyl (2£)-3-(3-amdno-2- 
methylphenyl)-2-butenoate (480 mg) as an oil. 

20 

Step 4: fert-butvl 3-( 3-ami no-2-'methvlphenvnbutanQate 

The crude product mixture (480 mg) from Step 3 and 10% palladium 
on carbon (50 mg) were mixed with methanol (5 mL) and the resulting mixture was 
25 hydrogenated at 500 psi and 1 lO^'C for 18 hours. After cooling to room temperature, 
the mixture was filtered throu^ a 0.45 ptm Acrodisc, washing the filter with MeOH. 
The filtrate and washings were evaporated under vacuum to provide crude tert-hutyl 
3-(3-amino-2-methylphenyl)butanoate (328 mg) as an oil. 

30 Step 5: fe ^-butvl 3-f3-(acetvlaminoV2-methvlphenvnbutanoate 

Acetyl chloride (0.140 mL, 1.97 nunol) was added to a solution of 
crude terf-butyl 3-(3-amino-2-metiiylphenyl)butanoate (328 mg, 1.32 mmol) and 
triethylamine (0.367 mL, 2.64 mmol) in anhydrous dichloromethane (4.0 mL). The 
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resulting solution was stirred at room temperature for 20 minutes, and then evaporated 
under vacuum to an oil which was partitioned between EtOAc (15 mL) and water (15 
mL). The organic phase was washed with brine, dried over MgS04, ffltered, and 
evaporated under vacuum to afford crude tert-bixtyl 3-[3-(acetylamino)-2- 
5 methylphenyl]butanoate (400 mg) as an oil. 

Step 6: 5-(acetvlaminoV3.4-dimethvM>indanone 

A mixture of crude tert-hutyl 3-[3-(acetylamino)-2- 
10 methylphenyl]butanoate (400 mg, 1.37 mmol) and polyphosphoric acid (9.0 g) was 
placed under a nitrogen atmosphere and heated in an oil bath at 80°C for 75 minutes. 
After cooling to room temperature, the mixture was partitioned between water (15 
mL) and EtOAc (15 mL). The aqueous phase was back-extracted with EtOAc (15 
mL). The combined organics were washed with brine (15 mL), dried over MgS04, 
15 filtered, and evaporated under vacuum to an oil (255 mg). The crude product was 
purified by chromatography on a Biotage Flash 12M KP-Sil column, eluting with 2:1 
EtOAc-hexanes. The product containing fi-actions were combined and evaporated 
under vacuum to provide 5-(acetylamino)-3,4-dimethyl-l-indanone (91 mg, 31% 
yield) as a semi-solid. 

20 

Step 7: 5-facetvlaiQinoV3.4-dimethvI-2-ethvM4ndanone 

A solution of 5-(acetylamino)-3,4-dimethyl-l-indanone (91 mg, 0.42 
mmol) in methanol (2.0 mL) was stirred under a nitrogen atmosphere with ice-bath 
cooling, treated with 10% palladium on carbon (10 mg), and then treated with 0.5M 
sodium methoxide in methanol (0.168 mL, 0.083 mmol). The mixture was purged 
with hydrogen, placed under a hydrogen atmosphere, and treated with acetaldehyde 
(0.050 mL, 0.84 nmiol). The resulting mixture was stirred rapidly under hydrogen 
while allowing the cooling bath to gradually warm to room temperature. After 17 
hours, the reaction mixture was concentrated under vacuum and the residue was 
partitioned between EtOAc (10 mL) and aqueous 0.5N HCl (5 mL). The organic 
phase was washed with water (5 mL) and brine (5 mL), dried over MgS04, filtered, 
and evaporated under vacuum to a clear oil (96 mg). The NMR spectrum of this 
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material shows mainly a single isomer of the 5-(acetylamino)-3,4-dimethyl-2-ethyl-l- 
indanone product. 

Step 8: 5-facetvla minoV3.4-dimethvl-2-^thvl-2-f3-oxopentvlVl-indanon^ 

5 

An ice-cold solution of crude 5-(acetylamino)-3,4-dimethyl-2-ethyI-l- 
indanone (96 mg, 0.42 mmol) in methanol (1.0 mL) was stirred under nitrogen and 
treated with ethyl vinyl ketone (EVK, 0.052 mL, 0.52 mmol) followed by 0.5M 
sodium methoxide in methanol (0.168 mL, 0.084 mmol). The ice bath was removed 

10 and the reaction mixture was stirred at roona temperature for 30 minutes and then 

heated in an oil bath at 60°C. Additional EVK (0.050 mL, 0.50 mmol) was added at 5 
hours and the mixture was stirred and heated at 60°C for a total of 21 hours. After 
cooling, the mixture was partitioned between ROAc (10 mL) and aqueous IN HCl (5 
mL). The organic phase was washed with water (5 mL) and brine (5 mL), dried over 

15 MgS04, filtered, and evaporated under vacuum to an oil (148 mg). NMR and LC-MS 
of this material revealed a complex mixture that contained 5-(acetylamino)-3,4- 
dimethyl-2-ethyl-2-(3-oxopentyl)-l-indanone as a major component. 

Step 9: (rflcVf95.9 a.sr^-7-flniinn -9a-ethvl-4.8.9-trimethvl--L2.9.9a-tefr^ 
20 fluoren-3-one 

A solution of crude 5-(acetylamino)-3,4-dimethyl-2-ethyI-2-(3- 
oxopentyl)-l-indanone (148 mg) in acetic add (1.75 mL) was diluted with aqueous 
6N HCl (1.75 mL) and the resulting mixture was stiired and heated in an oil bath at 

25 80^C for 5.5 hours. After cooling, the reaction mixture was partitioned between 
saturated aqueous K2CO3 (5 mL) and EtOAc (10 mL). The organic phase was 
washed with water (5 mL) and brine (10 mL), dried over MgS04, filtered, and 
evaporated under vacuum to a film (100 mg). The crude product was purified by 
chromatography on a Biotage Flash 12M KP-Sil colunm, eluting with 30% EtOAc in 

30 hexanes. The product containing fractions were evaporated under vacuum to provide 
(rflc)-(95,9a5)-7-aradno-9a-^thyl-4,8,9-trimethyl-l,2,9,9a4etrahy^^^ 
(30.4 mg) as an oil. 
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Step 10: frac)-r9a5,105)-9a-ethvI-6JQ-dimethvl-8,9.9a.l0-tetrahvdroindenQ^^ 
g1indazol-7f3/n-one 

A solution of (rac)-(95,9aS)-7-amino--9a-ethyl-4,8,9-trimethyl- 
5 l,2,9,9a-tetrahydro-3H-fluoren-3-one (29 mg, 0.108 mmol) in anhydrous 

dichloromethane (1.1 mL) was placed under a nitrogen atmosphere, cooled in an 
acetonitrile-dry ice bath at -42*'C, and treated with nitrosonium tetrafluoroborate (15 
mg, 0.128 iranol). The inixture was stirred in the cooling bath with gradual warming 
to -15°C over 45 minutes. Immediately following the NOBF4 addition and at 30 

10 minutes thereafter, the mixture was briefly sonicated to solubilize small grains of 
solids. After 45 minutes, the temperature was readjusted to -SO'^C and stirring was 
continued. At 56 minutes, the mixture was cooled to ^2°C, stirred 10 minutes, and 
then treated with dibenzo-18-crown-6 (2.3 mg, 0.0064 namol) followed by potassium 
acetate (25.5 mg, 0.260 mmol). The resulting mixture was stirred with gradual 

15 warming to room temperature over two hours and then stirred at room temperature for 
one hour. The mixture was partitioned between EtOAc (10 mL) and water (5 mL). 
The organic phase was washed with brine (5 mL), dried over MgS04, filtered, and 
evaporated under vacuum to a film (35.7 mg). The crude product was purified by 
chromatography on a Biotage Flash 12M KP-Sil colunm, eluting with 2:1 hexanes- 

20 EtOAc. The product containing firactions were combined and evaporated under 
vacuum to afford (rac)-(9aS,105)-9a-ethyl-6,10-dimethyl-8,9,9a,10- 
tetrahydroindeno[2.1-e]indazol-7(3fl)-^ne (22 mg, 73% yield) as a film. This 
material was lyophilized ftom benzene to provide the product as a yellow, amorphous 
solid. 

25 

IH NMR (CDCI3, 500 MHz) 5 0.47 (t, CHsOTj), 1.60 and 1.82 (two m, CF2CH3), 
1.65 (d, 10-CHsl 2.11 and 2.25 (two ddd, 9-0^2), 2.17 (s, 6-CH3), 2.53 and 2.71 
(two ddd, 8-CH2), 3.37 (q, i?-10), 7.44 (d, HA), 111 (d, if-5), 8.27 (s, H-1), and 
10.37 (brs,Nfl); mass spectrum m/z 281.4 (M+1). 
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EXAMPLE 28 

SYNTHESIS OF9a-BUTYL-6>ETHYL-4-FLUORO~8.9.9a.lQ> 
THmAHYDROINDENOr2,l-e1INDAZOI^7G^^ 




5 Stepl: tert-butvl 2-fluorophenvlcaifaamate 

' A solution of di-/ert-butyl dicarbonate (104 g, 477 mmol) and 2- 
fluoroaniline (53 g, 477 mmol) in tetrahydrofuran (500 mL) was heated at 60°C for 3 - 
days. After the solution was cooled to room temperature, THF was removed under 
10 vacuum. The residue was dissolved in EtOAc, washed twice with IM citric acid, dried 
over MgS04, and filtered through a pad of silica. The filtrate was diluted with hexane 
and the precipitate was filtered off. The new filtrate concentrated under vacuum to 
provide terf-butyl 2-fluorophenylcarbamate (99.5 g, 99%). 

15 Step 2: tert -hutvl 2->fluoro-6"methvlphenvlcarbamate 

A solution of tert-hutyl 2-fluorophenyIcarbamate (99.5 g, 471 mmol) 
in anhydrous tetrahydrofijran (410 mL) was placed under a nitrogen atmosphere, 
cooled in a dry ice-acetone bath, and stirred while t-butyllithium (666 mL of a 1.7M 

20 solution in pentanes, 207.5 mmol) was added dropwise. The resulting mixture was 
slowly warmed to -15°C over 2 houre, then cooled back to-78''C and treated with 
iodomethane (32.3 mL, 518 mmol). After waraiing to -15'*C in 30 minutes, the 
mixture was treated with aqueous saturated NH4CI (20 mL) and diluted with 
dichloromethane (2 L). The organic phase was dried over MgS04, filtered through a 

25 pad of silica, and concentrated under vacuum to afford r^rf-butyl 2-fluon>-6- 
methylphenylcarbamate (105 g. 99%) as a foam. 

Step 3: 2-fluoro-6-methvIamline 
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Trifluoroacetic acid (TFA, 500 mL) was carefully added to tert-hutyl 
2-fluoro-6-methylphenylcaibamate (105 g, 467 mmol) and the resulting solution was 
stirred at room temperature for one hour. The TFA was removed under vacuum and 
the residue was diluted with dichloromethane (1 L), carefully quenched with solid 
5 sodium carbonate, and filtered through a pad of silica. The filtrate was evaporated 
under vacuum to provide crude 2-fluoro-6-methylaniline. 

Step 4: 4"bromo-2-fluoro--6-methvlaniline 

10 A solution of the crude 2-fluoro-6-methylaniline from step 3 in Njsf- 

dimethylformamide (DMF, 400 mL) was cooled in a ice bath, treated with N~ 
bromosuccinimide (83.7 g, 470 mmol), and stirred for one hour. The DMF was 
evaporated under vacuum. The residue was dissolved in EtOAc, washed three times 
with brine, dried over MgS04, and filtered through a pad of silica, and the filtrate 

15 evaporated under vacuum to provide 4-bromo-2-fluoro-6-methylaniline (80 g, 84%). 

Step 5: A^-(4-bromo-2-fluoro-6-methvlphenvl)-2,2-dimethvlpropanamide 

Pivaloyl chloride (56 mL, 459 mmol) was added slowly (caution - 
20 exothermic reaction) to an ice cold solution of 4"bromo-2-fluorO'-6-methylaniline (78 
g, 382 mmol) in pyridine (200 mL). After the addition, the ice bath was removed and 
the hot reaction mixture was stirred at room temperature for 30 minutes. The mixture 
was dissolved in EtOAc (1 L), washed with IN HCl (3 times), dried over MgS04, 
filtered, and concentrated under vacuum. The crude product was purified by flash 
25 chromatogr^hy on a Biotage 75L KP-Sil column, eluting with 20: 1 to 10: 1 hexanes- 
EtOAc. The product containing fractions were combined and evaporated under 
vacuum to provide iS^(4-bromo-2-fluorO'^-methylphenyl)-2,2-dimethylpropananiide 
(49 g). 

30 Step 6: Ar-(2-fluoro-4-hexanovl-6-methvlphenvlV2,2-dimethvlpropanamide 

A solution of 7V'-(4-bromo-2-fluon)-6-methylphenyl)-2,2- 
dimethylpropanamide (20.9 g, 72.5 mmol) in anhydrous tetrahydrofuran (400 mL) 
was placed under a nitrogen atmosphere, cooled in a dry ice-acetone bath, and stirred 
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while butyllithium (113 mL of a 1.6M solution in hexanes, 181 mmol) was added 
dropwise by syringe pump over 2.5 hours. The resulting mixture was aged at -78°C 
for 30 minutes and then treated with //^-dimethylhexanamide (25.9 g, 181 mmol) 
added dropwise. After warming to -30°C in 30 minutes, the mixture was removed 
5 from the cooling bath, treated with aqueous saturated NH4CI and diluted with 

dichloromethane (2 L), The organic phase was dried over MgS04, filtered through a 
pad of silica, and the filtrate concentrated under vacuum. The crude product was 
purified by flash chromatography on a Biotage 75L KP-Sil column, eluting with 20:1 
to 10:1 hexanes-EtOAc. The product containing fractions were evaporated under 
10 vacuum to afford iV-[2-fluoro-4-hexanoyl-6-methylphenyl]-2,2-dimethylpropanamide 
(17 g with about 5g of side products based on NMR) 

Step 7: ^^'r4-f2-b utvlacrvlovlV2-fluoro-6-methvlDhenvn-22-dimethvlp ropanaTniH 
N-{2-fluoro-4-r2-fhvdroxvmethvnhexanovn-6-metvlphenvn-2.2- 
15 dimethvlpro panamide. and N-l 2-fluoro-4-r2-fmethoxvmethvl^hexanovll-6-methvl- 
phenvl^-2^2-dim ethvlpropa namidft 

The crude A^-(2-fluoro-4-hexanoyl-6-methylphenyl)-2,2- 
dimethylpropanamide from step 6 was dissolved in methanol (40 mL) and the solution 

20 was treated successively with K2CO3 (5.38 g, 39 mmol) and formaldehyde (37 wt. % 
solution in water, 3.22 mL, 43 mmol). The mixture was placed under a nitrogen 
atmosphere, stirred, and heated in an oil bath at 50*^C for 2 houre. After cooling to 
room temperature, the mixture was diluted with CH2CI2 (300 mL), dried over 
MgS04, and filtered through a pad of silica gel, using more CH2CI2 (200 mL) to wash 

25 the pad. The filtrate and washings were concentrated under vacuum to provide a 
mixture (19.5 g) of iV-[4-(2-butylacryloyl)-2-fluoro-6-methylphenyl]-.2,2- 
dimethylpropanamide, N- { 2-fluoro-4-[2-(hydroxymethyl)hexanoyl]-6-metylphenyI]- 
2,2-dimethylpropanamide, and A^-{2-fluoro-4-[2'-(methoxymethyl)hexanoyl]-6- 
methyl-phenyl]-2,2-dimethylpropanamide. 

30 

Step 8: 5-anuno-2-butvl-6-fluoro-4-methvl-l-indanone 

A solution of the product mixture from step 7 in CH2CI2 (10 mL) was 
cooled in an ice bath and treated with ice-cold, cone. H2SO4 (400 mL). The resulting 
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mixture was removed from the cooling bath and stirred at room temperature for 20 
hours. The mixture was cautiously added to an ice-cold mixture of CH2CI2 (300 mL) 
and chopped ice (1 L). Excess acid was neutralized by portionwise addition of 
saturated Na2C03 solution (approx. 1 L) followed by solid Na2C03 (approx. 500 g). 
5 Additional water and CH2CI2 were occasionally added to dissolve the red/purple 
solids that formed during the neutralization. When the pH was neutral, the organic 
phase was separated and the aqueous portion was extracted with more CH2CI2. The 
combined organics were washed with brine, dried over MgS04, filtered, and 
concentrated under vacuum. The residual dark red oil was purified by flash 
10 chromatography on a Biotage 75L KP-Sil column, eluting with 20: 1 to 10: 1 hexanes- 
EtOAc. The product containing fractions were combined and evaporated under 
vacuum to provide 5-amino-2-butyl-6-fluoro^methyl-l-indanone (4.2 g) as a yellow 
solid. 

15 Step 9: 5-amino-2-butvl-6-fluoro-4-methvl-2-f3-oxohexvlV14ndanone 

A solution of 5-amino-2-butyI-6-fluoro-4-methyH"indanone (0.235 g, 
1 mmol) in ethanol (5 mL) was treated with sodium methoxide (0.5M solution in 
MeOH, 0.4 mL, 0.2 mmol) and propyl vinyl ketone (147 mg, 1.5 nrniol). The 
20 resulting solution was stirred at 75°C and under a nitrogen atmosphere for 20 hours. 
The mixture was diluted witii CH2CI2, filtered through a pad of silica gel, and the 
filtrate evaporated under vacuum to provide 5-amino-2-butyl-6-fluoro-4-methyl-2-(3- 
oxohexyl)- 1-indanone. 

25 Step 10: 7-ami no-9a^butvl-6-fluoro-8-methvl-l,2,9.9a4etrahvdro-3g-fluQren-3-Qne 

The crude diketone from step 9 was treated with acetic acid (2.5 mL) 
and 6N HCl (2.5 mL). The resulting solution was stirred and heated in an oil bath at 
lOO^'C for 1.5 hours. After coohng to room temperature, the mixture was diluted with 
30 CH2CI2 and neutralized with sodium bicarbonate, filtered through a pad of silica gel 
and the product was washed off with EtOAc. The filtrate and washings were 
concentrated under vacuum. The residue was purified by flash chromatography on a 
Biotage 40M KP-Sil column, eluting with 3:1 hexanes-EtOAc. The product 
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containing fractions were evaporated under vacuum to provide 7-amino-9a-butyI-6- 
fluoro-8-methyl-l,2,9,9a-tetrahydro-3iy-fluoren-3-one (0.260 g) as a yellow solid. 

Step 11: 9a-butvl-6-ethvl-4-fluoro-8,9,9a, 10-tetrahvdroindenor2 J-glindazol-7Gfl^^ 
5 one 

An ice cold solution of 7>amino-9a-butyl-6-fluoro-8-methyl- 1,2,9,9a- 
tetrahydro-3iy-fluoren-3-one (0.165 g, 0.54 mmol) in HO Ac (2.4 mL) and 2N HCl 
(1.5 mL) was treated with NaN02 (37 mg, 0.54 mmol). The resulting solution was 
stiired in an ice bath and under a nitrogen atmosphere for one hour, and then treated 

10 with KPF6 (lOOmg/mL in water, 1.99 mL, 1.08 mmol). The mixture was extracted 
with EtOAc, and the organic portion was washed with water (3 times), dried over 
Na2S04, filtered , and evaporated under vacuum. 

The diazonium salt from above in CH2CI2 (6 mL) at -78°C was 
treated with KOAc (106 mg, 1.08 mmol) and dibenzo-18-crown-6 (catalytic amount). 

15 The resulting solution was slowly warmed to 0°C over 40 min. The mixture was 
filtered through a pad of silica gel and the product was washed off with EtOAc. The 
filtrate was concentrated under vacuum to a residue that was purified by preparative 
layer chromatography (0.1 x 20 x 20 cm silica gel GF plate developed with 2:1 
hexanes-EtOAc), The product band was eluted with EtOAc and the eluant evaporated 

20 under vacuum to afford 9a-butyl-6-ethyl-4-fluoro-8,9,9a, 10-tetrahydroindeno[2, 1- 
e]indazol-7(3fi)-one (22 mg) as an orange foam. 

IHNMR (CDCI3, 500 MHz) 5 0.82 (t, CH2CH2CH2CH5), 1.15 (t, 6-CH2CH5), 1,22 
(m, Cii2CH2CH2CH^l 1.45 and 1.63 (two m, CH2CH2CH2CH3), 2.06 and 2.30 (two 
25 ddd, 2.51 and 2.61 (two ddd, 8-Ci?2), 2.55 and 2.69 (two dq, 6-Cif2CH3), 

2.90 and 3.23 (two d, IO-CH2X 7.46 (d, and 8.17 (s, HA)\ mass spectrum m/z 
327.2 (M+1), 390.2 (M+Na+MeCN), and 675.3 (2M+Na). 
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EXAMPLE 29 

SYNTHESIS OF 6-ACETYI^9a-BlJTYL^-PLUORO-8.9.9a.lQ- 
TErRAHYDROINDENOr2J-g1I]^AZOI^7f3jy^^ 




5 Step 1: 5-amino>2-butvl-6-fluoro-4-methvl-2-(3-oxobutvlVl-indanone 

A solution of 5-amino-2-butyl-6-fluoro-4-methyl-l-indanone (2.7 g, 
11.5 mmol) in ethanol (60 mL) was treated with sodium methoxide (0.5M solution in 
MeOH, 4.6 mL, 2.3 mmol) and methyl vinyl ketone (1.43 mL, 17.2 mmol). The 
10 resulting solution was stirred at 40''C and under a nitrogen atmosphere for 20 hours. 
The mixture was diluted with CH2CI2 and filtered through a pad of silica gel, washing 
the product off with EtOAc. The filtrate and washings were evaporated under 
vacuum to provide crude 5-amino-2-butyl-6-fluoro-4-methyl-2-(3-oxobutyl)-l- 
indanone. 

15 

Step 2: 7-aniino-9 a-butvl-^-fluoro-8-methvl-L2,9,9a-tetrahvdro-3g~fluoren-^ 

The diketone from step 1 was dissolved in toluene (100 mL) and 
treated with acetic acid (1.31 mL, 23 nmiol) and pyrrolidine (1.92 mL, 23 mmol). 

20 The resulting solution was stiixed and heated in an oil bath at 100°C for 2 hours. 

After cooling to room temperature, the mixture was filtered through a pad of silica gel 
and the product was washed off with EtOAc. The filtrate and washings were 
concentrated under vacuum. The residue was purified by flash chromatography on a 
Biotage 40M KP-Sil column, eluting with 4:1 to 3:1 hexanes-EtOAc. The product 

25 containing fractions were evaporated under vacuum to provide 7-aniino-9a-butyl-6- 
fluoro-8-methyH,2,9,9a-tetrahydro-3/f-f]uoren-3-one (2.56 g) as a yellow solid 

Step 3: 7"anuno-4-bromo-9a-butvl-^-fluoro-8-methvl-l,2,9.9a-tetrahvdro-3g>fIuoren^ 
3-one 
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A solution of 7-ainino-9a-butyl-6-fluoro-8-melhyl--l,2,9,9a-tetrahydro- 
3ff-fluoren«3-one (1.4 g, 4.88 mmol) in anhydrous DMF (20 mL) was purged with 
. N2, cooled in an ice bath, and treated with AT-bromosuccinimide (0.868 g, 4.88 mmol). 
After stirring at O^^C for 2 hour, the reaction mixture was partitioned between water 
5 (150 mL) and EtOAc (150 mL). The organic portion was washed with diluted brine 
(3 times), dried over MgS04, filtered, and evaporated under vacuum. The residue 
was purified by flash chromatography on a Biotage 40M KP-Sil column, eluting with 
4: 1 hexanes-EtOAc. The product containing fractions were evaporated under vacuum 

to provide 7-amino-4-bromo-9a--butyl-6-fluoro-8-methyl-l,2,9,9a-tetrahydro-3H- 
10 fluoren-3-one (1.5 g) as a yellow solid. 

Step 4: 7-(acetvlamino')-4-br omo-9a-butvl~6-fluoro>8-methvl-1.2.9,9a-tetrahvdro>3//- 
fluoren-3-one 

15 A solution of 7-aDodno-4-bromo-9a-butyl-6-fluoio-8-methyl-l,2,9,9a- 

tetrahydro-3H-fluoren-3-one (0.47 g, 1.28 mmol) in anhydrous CH2CI2 (4 mL) was 
purged with N2, cooled in an ice bath, and treated with pyridine (0.206 mL, 2.56 
mmol) followed by acetyl chloride (0.137 mL, 1.93 mmol). After stirring at 0-5°C for 
2 hours, the reaction mixture was diluted with EtOH (8 mL) and treated with 5N 

20 NaOH (1 .28 mL). After stirring at room temperature for 10 min, the mixture was 
fiuther diluted with CH2CI2 (20 mL), dried over MgS04, filtered, and concentrated 
under vacuum. The residue was purified by flash chromatography on a Biotage 40M 
KP-Sil column, eluting with 4:1 hexanes-EtOAc. The product containing fractions 
were evaporated under vacuum to provide 7-(acetylamino)-4-bromo-9a-butyl-6- 

25 fluoro-8-methyl-l,2,9,9a-tetrahydro-3/f-fluoren-3-one (0.47 g) as a yellow solid. 

Step 5: 4-acetvl>7-aniino-9a-but vl.^-fluoro-8-methvl-1.2,9.9a-tetrahvdro-3g-fluQ 
3~one 

A partial solution of 7-(acetylamino)-4-bromo-9a-butyl-6-fluoro-8- 
30 methyl-l,2,9,9a-tetrahydro-3Muoren-3-one (49 mg, 0.12 mmol) in anhydrous 
toluene (1 mL) was purged with N2, treated with dichlorobis(triphenylphosphine)- 
palladium(II) (17 mg, 0.024 mmol), purged with N2, and treated with tributyl(l- 
ethoxyvinyl)tin (0.057 mL, 0.18 iranol). The resulting mixture was stirred under a N2 
atmosphere and heated in an oil bath at 100*^0 for two hours. After cooling to room 
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temperature, the mixture was purified by preparative layer chromatography (0.1 x 20 
X 20 cm silica gel GF plate developed with 1:1 hexanes-EtOAc). The product band 
was eluted with EtOAc and the eluant evaporated under vacuum to afford 1- 

(acetylamino)-9a-buty]-4-(l-ethoxyvinyl)-6-fluoro-8-methyl"l,2,9,9a4etrahydro^ 
5 fluoren-3-one as an orange foam. 

Step 6: 4-acetvl-7 -amino-9a>butvl-6-fluoro-8-methvl-l .2.9,9a-tetrahvdro-3g-fluQren- 
3-one 

The end ether from step 5 was dissolved in AcOH (1 mL) and the 
10 solution was treated with aqueous 6N HCl (1 mL). The lesultmg mixture was placed 
under a N2 atmosphere and stirred with heating in an oil bath at lOO^C for 3 h. After 
cooling to room temperature, the mixture was diluted with CH2CI2 and neutralized 
with Na2C03, filtered through a pad of silica gel, and the product was washed off 
with EtOAc. The filtrate and washings were concentrated under vacuum. The 
15 mixture was purified by preparative layer chromatography (0.1 x 20 x 20 cm silica gel 
GF plate developed with 3:2 hexanes-EtOAc). The product band was eluted with 
EtOAc and the eluant evaporated under vacuum to afford 4-acetyl-7-amino-9a-butyl- 
6-fluoro-8-methyl-l,2,9,9a-tetrahydro-3/?-fluoren-3-one (22 mg) as an orange foam 

20 Step 7: 6-acetvl-9a-butvl-4-fluoro-8.9.9a,l0-tetrahvdroindenor2.l-g1indazol-7G/n- 
one 

An ice cold solution of 4-acetyl-7-amino-9a-butyl-6-fluoio-8-methyl- 
l,2,9,9a-tetrahydro-3H-fluoren-3-one (0.022 g,0.067 mmol) in HOAc (0.8 mL) and 
2N HCl (0.5 mL) was treated with NaNOa (4.6 mg, 0.067 mmol). The resulting 
solution was stirred in a ice bath under a nitrogen atmosphere for 1 hour, then treated 
with KPF6 (lOOmg/mL in water, 0.246 mL, 0.134 mmol). The mixture was extracted 
with EtOAc and the extracts were washed with water (3 times), dried over Na2S04, 
filtered , and evaporated under vacuum to provide the crude diazonium salt 
intermediate. 

The diazonium salt in CH2CI2 (2 mL) at -78°C was treated with 
KOAc (13 mg, 0.134 mmol) and diben2o-18-cn)wn-6 (catalytic amount). The 
resulting solution was slowly warmed up to 0°C over 40 min. The mixture was 
purified by preparative layer chromatography (0.1 x 20 x 20 cm silica gel GF plate 
developed with 2:1 hexanes-EtOAc). The product band was eluted with EtOAc and 
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the eluant evaporated under vacuum to afford 6-acetyl-9a-butyl-4-fIuoro-8,9,9a,10- 
tetrahydroindeno[2,l-^]inda2ol-7(3fl)-one (4.5 mg) as an orange foam. 

IHNMR (CDCI3, 500 MHz) 5 0.84 (t, CH2CH2CH2OT5), 1.18-1.32 (m, 
5 CH2C7/2Ci/2CH3), 1.49 and 1.72 (two m, Cif2CH2CH2CH3), 2.12 and 2.36 (two 
ddd, 9-CH2\ 2.45 (s, COCifj), 2,56 and 2.63 (two ddd, 8-C/f2)> 2.93 and 3.28 (two d, 
IO-C//2). 7.21 (d, if-5), and 8.15 (d, HA); mass spectrum m/z 341.2 (M+1). 



10 EXAMPLE 30 

SYNTHESIS OF6-ETHYI^3.9.10.11>TETRAHYDRO~8J0a- 
METHANQATTff F NOr2.1-g1INDAZOI^7f8/n-0>^ 

Pt O 



HN 

Step 1: 5-facetvlaminoV2-f2-hvdroxvethvD-4>methvl-l-indanone 

15 

Potassium hydroxide (5 g, 85% weight pure) and 10% palladium on 
activated carbon (5 g) were added to a mixture of 5-(acetyIamino)"4-methyl-l- 
indanone (25.4 g, 125 mmol) and glycolaldehyde dimer (10 g, 83.3 mmol) in 
methanol (500 mL). The resulting mixture was stirred under an atmosphere of 
20 hydrogen at room temperature for 30 hours. The mixture was diluted with CH2CI2 (1 
L), treated with 5 mL saturated aqueous NH4CI, dried over MgS04, filtered tiirough a 
pad of silica, and the filtrate evaporated under vacuxmi to afford crude 5- 
(acetylamino)-2-(2-hydroxyethyl>4-niethyI-l-indanone (34.0 g) as a foam. 

25 Step 2: 5-facetvlaminoV2-f2-hvdrDxvethvn-4-methvl-2-(3-oxohexvlVl-indanQne 

A solution of 5-(acetylamino)-2-(2-hydroxyethyl>4-methyH-indanone 
(5.1 g, 20.6 nrniol) in methanol (100 mL) was treated with sodium methoxide (0.5M 
solution in MeOH, 41.2 mL, 20.6 mmol) and propyl vinyl ketone (3.04 g, 31 mmol). 
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The resulting solution was stirred at 40®C and under a nitrogen atmosphere for 20 
hours. The mixture was diluted with CH2Cl2» filtered through a pad of silica gel, and 
the filtrate was concentrated under vacuum. The crystalline portion of 5- 
(acetylamino>2-(2-hydroxyethyl)-4-methyl-2-(3-oxohexyl)-l-indanone was collected 
5 and the filtrate was evaporated under vacuum. The residue was purified by 

preparative layer chromatography (0.1 x 20 x 20 cm silica gel GF plate developed 
with EtOAc) to provide additional 5-(acetylamino)-2-(2-hydroxyethyl)-4-methyl-2-(3- 
oxohexyl)-l-indanone. 

10 Step 3: 7-amino-4-ethvl-9a-(2-hvdroxvethvlV8-methvl-L2,9,9a-tetrahvdro-3^^ 
fluoren-3-one 

The diketone from step 2 was treated with acetic acid (60 mL) and 6N 
HCl (60 mL). The resulting solution was stirred and heated in an oil bath at lOO^'C 
for 1.5 hours. After cooling to room temperature, the noixture was diluted with 

15 CH2CI2 and neutralized with Na2C03, filtered through a pad of silica gel, and the 
product was washed off with 7:3 CH2Cl2-MeOH. The filtrate and washings were 
concentrated under vacuum. The residue was purified by flash chromatography on a 
Biotage 40M KP-Sil column, eluting with 30:1 to 9:1 CH2Cl2-MeOH. The product 
containing fractions were evaporated under vacuum to provide 7-amino-4-ethyl-9a-(2- 

20 hydroxyethyl)-8-methyH,2,9,9a-tetrahydro-3//-fluoren-3-one (5 g) as a yellow solid. 

Step 4: 6-ethvl-9a-f2-hvdroxvethvlV8,9,9aJO-tetrahvdroindenor2.1-e1indazol-7G/n^ 
one 

A solution of 7"amino-4-ethyl-9a-(2-hydroxyethyl)-8-methyl-l, 2,9,9a- 
25 tetrahydro-3//-fluoren-3-one (0.050 g, 0.175 nmiol) in anhydrous CH2CI2 (1 mL) and 
DMF (1 mL) was purged with N2, cooled in an dry ice bath, and treated with NOBF4 
(0.023 g, 0.193 mmol). The mixture was wanned to -10°C over 40 minutes to give 
the diazonium salt intermediate. 

The diazonium salt mixture from above was cooled to -78°C and 
30 treated with KOAc (34 mg, 0.35 nmiol) and dibenzo-18-crown-6 (catalytic amount). 
The resulting solution was slowly warmed to 0°C over 40 min. The mixture was 
filtered through a pad of silica gel and the product was washed off with 9:1 CH2CI2- 
MeOH. The filtrate was concentrated under vacuum to a residue that was purified by 
preparative layer chromatography (0.1 x 20 x 20 cm silica gel GF plate developed 
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with 12:1 CH2Cl2-MeOH. The product band was eluted with 9:1 CH2a2-MeOH and 
the eluant evaporated under vacuum to afford 6-ethyl-9a-(2-hydroxyethyl)-8,9,9a,10- 
tetrahydroindeno[2,l-e]indazol-7(3/0-one (6 mg) as an orange foam. 

5 Step 5: 6-ethvl-3-methvlsuIfonvloxv-9a-r2-fmethvlsulfonvloxv^ethvIV8,9,9a.lO- 
tetrahvdroindenor2.1-e1inda2ol-7(3ffl-one 

A solution of 6-ethyI-9a-(2-hydroxyethyl)-8,9,9a,10- 
tetrahydroindeno[2,l-e]indazol-7(3^0-one (20 mg, 0.0676 mmol) in anhydrous 

10 CH2CI2 (1 mL) was purged with N2 and treated with triethyl amine (0.038 mL, 0.27 
mmol) followed by methanesulfonyl chloride (0.0156 mL, 0.203 mmol). After 
stirring for 2 hours, the mixture was purified by preparative layer chromatography (0.1 
X 20 X 20 cm silica gel GF plate developed with 2:3 hexanes-EtOAc). The product 
band was eluted with EtOAc and the eluant evaporated under vacuum to afford 6- 

15 ethyl-3-methylsulfonyloxy-9a-[2-(methylsulfonyloxy)ethyl]-8,9,9a,10-. 
tetrahydroindeno[2,l-e]mdazol-7(3fl)-one as an orange foam. 

Step 6: 6-ethvl-3. 9 JO J l-tetrahvdro-8,10a-methanoazulenor2.1>g1indazol-7f 8ffl>-one 

20 A solution of 6-ethyl-3-methylsulfonyloxy-9a-[2- 

(methylsulfonyloxy)ethyl]-8,9,9a,10-tetrahydroindeno[2,l-^]indazol-7(3i?)-^^^ 
step 5 m toluene (1 mL) was treated with DBU (0.020 mL). The resulting mixture 
was placed under a N2 atmosphere and stirred with heating in an oil bath at 90°C for 6 
h. After cooling to room temperature, the reaction mixture was diluted with MeOH (2 

25 mL) and treated with 5N NaOH (0.1 mL). After stirring at room temperature for 20 
min, the mixture was further diluted with CH2CI2 (20 mL), treated with aqueous 
saturated NH4CI (0.5 mL), and dried over MgS04, The mixture was filtered through 
a pad of silica and the filtrate was concentrated under vacuum. The residue was 
purified by preparative layer chromatography (0.1 x 20 x 20 cm silica gel GF plate 

30 developed with 1 : 1 hexanes-EtOAc). The product band was eluted with EtOAc and 
the eluant evaporated under vacuum to 6-ethyl-3,9,10,ll-tetrahydro-8,10a- 
methanoazuleno[2,l-e]indazol-7(8fl)-one (5 mg) as an pale yellow foam. 
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IHNMR (CDCI3, 500 MHz) 5 1.11 (t, CH2C//5), 1.69 and 1.91 (two ddd, 10-Cif2), 
1.84 and 2.30 (two m, 9-CH2), 1-99 and 2.03 (two dd, I2-CH2), 2.60 and 2.74 (two 
dq. CH2CH2I 3.10 (dd, F-8), 3.32 and 3.48 (two d, ll-Ci/2), 7.51 (d, HA), 7.80 (d, 
and 8.16 (s, HA); mass spectrum m/z 279.3 (M+1. 

5 

EXAMPLE 31 
SYNTHESIS OF 9a-ETHYL^6>METHYL^8.9.9a.lO^ 
TETRAHYDROFLUORENQrL2-rflIMroAZQL-7(3/n-QNR 




Step 1: 5~facet vlamino)-2-ethvl-l-indanone 

A solution of 5-(acetylaniino)-l-indanone (5.00 g, 26.1 mmol) in 
ethanol (100 mL, required heating to affect solution) was treated with 0.5M sodium 

15 methoxide in methanol (10.5 mL, 5.2 mmol) and moist 20% palladium hydroxide on 
carbon (500 mg). The mixture was cooled in an ice bath, placed under a hydrogen 
atmosphere, and treated with acetaldehyde (2.9 mL, 52 mmol). The resulting mixture 
was stirred under a hydrogen atmosphere for one hour at 0°C followed by 23 hours at 
room temperature. The mixture was filtered through a pad of siUca gel (100 mL) 

20 which was further eluted with EtOAc (300 mL). The filtrate was washed with IN 
HCl (300 mL) and the aqueous layer back-extracted with EtOAc (150 mL). The 
combined organics were washed with aqueous 5% NaHC03 (300 mL) and brine (300 
mL), dried over MgS04, and filtered. The solution was treated with EM silica gel 60 
(ca. 35 mL) and the mixture evaporated under vacuunL The silica gel was loaded 

25 onto a Sample Ejection Module, placed in tandem with a Biotage Flash 40M KP-Sil 
column, and eluted with 2:1 hexanes-EtOAc (1000 mL) followed by 1:1 hexanes- 
EtOAc (2000 mL). The product containing firactions were combined and evaporated 
under vacuum to afford 5-(acetylamino)-2-ethyH-indanone (2.88 g, 51% yield) as a 
white solid. 
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Step 2: 5-(acetvIaxninoV2~ethvl-4-nitro-l-indanone 

Nitric acid (>90% by weight, 22 mL) and 5-(acetylainino)-2-ethyM- 
5 indanone (2.88 g, 13 mmol) were separately cooled in an ice bath and then combined. 
The mixture was placed under a nitrogen atmosphere and stirred at O^C for 35 
minutes, then partitioned between EtOAc (150 mL) and water (150 mL). The 
aqueous phase was extracted with EtOAc (2 x 50 mL). The combined organics were 
washed with water (100 mL) and brine (100 mL), dried over MgS04, iBltered, and 

10 concentrated under vacuum to approximately half-volume. The solution was treated 
with EM silica gel 60 (ca. 20 mL) and evaporated under vacuum. The silica gel was 
loaded onto a Sample Injection Module, placed in tandem with a Biotage Flash 40M 
KP-Sil column, and eluted with 4: 1 hexanes-EtOAc (3000 mL). The product 
containing fractions were combined and evaporated under vacuum to afford 5- 

15 (acetylamino)-'2-ethyl-4-nitro-l-indanone (825 mg, 24% yield) as a yellow solid. 
Earlier fractions from the column chromatography provided the isomeric 6-nitro 
product. 

Step 3: -'>-ami no-2-ethvI>4-mtro-l -indanone 

20 

A partial solution/suspension of 5-(acetylamino)-2-ethyI-4-nitro-l" 
indanone (807 mg, 3.1 mmol) in methanol (10.5 mL) was treated with aqueous 6N 
hydrochloric acid (10.5 mL). The resulting mixture was placed under a nitrogen 
atmosphere and stirred with heating in an oil bath at 80°C for 45 minutes. After 
25 cooling, the mixture was partitioned between EtOAc (200 mL) and aqueous 5% 
NaHC03 (200 mL). The aqueous phase was back-extracted with EtOAc ( 50 mL). 
The combined organics were washed with brine, dried over MgS04, filtered, and 
concentrated under vacuum to afford 5-amino-2-ethyl-4-nitro-l-indanone (683 mg, 
100% yield) as a yellow solid. 

30 

Step 4: 4,5-diamino-2-ethvl-l-indanone 



5-Amino-2-ethyl-4-nitro-l-indanone (674 mg, 3.06 mmol) was 
dissolved in EtOAc (13 mL) and EtOH (13 mL) with warming. After cooling to room 
35 temperature, the yellow solution was purged with nitrogen and treated with 10% 
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palladium on carbon (263 mg). The resulting mixture was placed under a hydrogen 
atmosphere and stirred at room temperature for 5 hours. The mixture was filtered 
through a pad of silica gel (75 mL) which was further washed witii EtOAc (500 mL). 
The filtrate and washings were evaporated under vacuum to provide 4,5-diamino-2- 
5 ethyl-l-indanone (560 mg, 96% yield) as a yellow solid. 

Step 5: 7'^thvl-7,8-^hvdroindenor4,5-d1imida2ol-6(3fl)-one 

Triethyl orthoformate (0.58 mL, 3.5 mmol) was added to a suspension 
10 of 4,5-diamino-2-ethyH-indanone (441 mg, 2.32 mmol) in wann ethanol (4 mL). 
The resulting orange solution was stirred with heating in an oil bath at 80°C for 16 
hours. After cooling, the solution was diluted with EtOAc (300 mL), washed with 
water (300 mL) and brine (300 mL), dried over MgS04, filtered, and evaporated 
under vacuum to afford crude 7-ethyl-7,8-dihydroindeno[4,5-d]imidazol-6(3fl)-one 
15 420 mg, 91% yield) as an orange solid. This material was used without further 
purification. 

Step 6: 3-(rgrr-butvIoxvcarbonvlV7-etiivl-7,8-dihvdroindenor4,5-tflimidazol-6Giin- 
one 

20 A mixture of 7-ethyl-7,8-dihydroindeno[4,5-d]imida2ol-6(3/0-one 

(366 mg, 1.83 mmol) and 4-(dimethylamino)pyridine (224 mg, L83 mmol) in 
anhydrous tetrahydrofiiran (7 mL) was placed under a nitrogen atmosphere and treated 
with triethylamine (0.255 mL, 1.83 nmiol). The suspension was then treated with di- 
tert-butyl dicarbonate (0.452 mL, 1.97 nunol) over two minutes to give a clear orange 

25 solution. After stirring at room temperature for 14 hours, the solution was diluted 
with EtOAc ( 150 mL), washed with aqueous IN HCl, aqueous 5% NaHC03, and 
brine, dried with MgS04, filtered, and evaporated under vacuum to provide 3-(^ert- 
butyloxycarbonyl)-7-ethyl-7,8-dihydroindeno[4,5-d]imidazol-6(3fl)-one (525 mg, 
96% yield) as an oil. 

30 

Step 7: 3-(te7t-butvIoxvcarbonvl)-7-ethvl-7-(3-oxopentvl)-7,8-dihvdroindenor4,5- 
^imidazol-eG/H-one 

A solution of 3-(rerr-butyloxycarbonyl)-7-ethyl-7,8-dihydroindeno[4,5- 
£/]imidazol-6(3ii0-one (525 mg, 1.75 mmol) in anhydrous tetrahydrofiiran (4 mL) was 
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placed under a nitrogen atmosphere and treated with l,8-diazabicyclo[5.4.0]undec-7" 
ene (0.053 mL, 0.35 mmol) and ethyl vinyl ketone (0.350 mL, 3.5 nunol). The 
resulting solution was stirred and heated at 60°C for 22 hours. After cooling, the 
reaction mixture was diluted with EtOAc (150 mL) and washed with water (150 mL) 
5 containing some brine. The aqueous phase was back-extracted with EtOAc (50 mL). 
The combined organics were washed with aqueous IN HCl, aqueous 5% NaHC03, 
and brine, dried over MgS04, filtered, and evaporated under vacuum to a gum (523 
mg). NMR analysis of this material showed a 1.5:1 mixture of product and starting 
material. 

10 A solution of the above mixture (523 mg) in anhydrous tetrahydrofuran 

(3.5 mL) was placed under a nitrogen atmosphere and treated with 1,8- 
diazabicyclo[5.4.0]undec-7-ene (0.026 mL, 0.17 nomol) and ethyl vinyl ketone (0.175 
mL, 1.76 mmol). The resulting solution was stirred and heated at 60°C for 24 hours. 
After cooling, the reaction mixture was partitioned between EtOAc (200 mL) and 

15 aqueous IN HCl (200 mL), and the aqueous portion was back-extracted with EtOAc 
(50 mL). The combined organics were washed with aqueous 5% NaHCOs (150 mL) 
and brine (150 mL), dried over MgS04, filtered, and evaporated under vacuum. The 
crude product (489 mg) was purified by chromatography on a Biotage Flash 40S KP- 
Sil column, eluting with 4:1 hexanes-EtOAc (2350 mL) followed by 2:1 hexanes- 

20 EtOAc (750 mL). The product containing fractions were combined and evaporated 
• under vacuum to provide 3-(rert-butyloxycarbonyl)-7-ethyl-7-(3-oxopentyl)-7,8- 
dihydroindeno[4,5-Oimidazol-6(3i^)-one (158 mg, 24% yield) as a clear oil. 



Step 8: 9a--ethvl-6- methvl-8.9.9a.l0-tetrahvdrofluorenori.2~Jlimidazol-7(3/y^-Qne 

25 

A solution of 3-(reA^-butyloxycarbonyl)-7-ethyl-7-(3-oxopentyl)-7,8- 
dihydroindeno[4,5-(i]imida2ol-6(3fl)-one (158 mg, 0.41 mmol) in acetic acid (1.6 
mL) was placed under a nitrogen atmosphere and treated with aqueous 37% 
hydrochloric acid (1.6 mL) followed shortly thereafter with water (1.6 mL). The 
30 resulting mixture was stirred and heated in an oil bath at 100°C for 2 hours. After 
cooling, the mixture was partitioned between EtOAc (100 mL) and aqueous 5% 
NaHC03 (100 mL). The organic phase was washed with water (100 mL) and brine 
(100 mL), dried over MgS04, filtered, and concentrated under vacuum. The residue 
was purified by preparative layer chromatography on a 0.1 x 20 x 20 cm silica gel GF 
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plate, developing with 5% MeOH in CH2CI2. The UV visible band at Rf 0.1-0.23 
afforded 9a-ethyI-6-miethyl-8,9,9a40-tetrahydrofluoreno[l ,2-d]M 
(84 mg, 77% yield) as a pale yellow oil. This material was lyophilized from benzene 
to afford the product as an amorphous solid. 

NMR (CDCI3, 500 MHz) 5 0.84 (t, CU2CHS), L50 and 1.67 (two m, 0/^2^3), 
2.05 and 2.31 (two m, 9-CH2), 2.17 (s, CH3I 2.51 and 2.62 (two ddd, 8-CH2), 2.92 
and 3.37 (two d, IO-CH2), 7.59 (d, HA or Jf-5), 7.73 (d, H-5 or HA), and 8.24 (s, if- 
2); mass spectrum m/z 267.2 (M+1). 



EXAMPLE 32 
SYNTHESIS OF 6-BROMO-9a-BTHYL-8.9.9aJ0- 
TBTRAHYDROFLUORENOri,2-^IMIDAZOL-7(3g>-0]SIE 




Step 1: 3-ffe?t-butvloxvcarbonvlV7-eflivl-7-f3-oxobutvlV7,8-dihvdroindenor4.5- 
^imidazol-6f3/n-one 

A solution of 3-(rert-butyloxycarbonyl)-7-ethyl-7,8-dihydroindeno[4,5- 
d]imidazol-6(3/0-one (118 mg, 0.39 mmol) in anhydrous tetrahydrofuran (0.8 mL) 
was placed under a nitrogen atmosphere and treated with 1,8- 
dia2abicyclo[5.4.0]undec-7-ene (0.012 mL, 0.08 mmol) and methyl vinyl ketone 
(0.065 mL, 0.78 mmol). The resulting solution was stirred and heated in an oil bath at 
70''C for 23 hours. After cooling, the reaction mixture was partitioned between 
EtOAc (80 mL) and aqueous IN HQ (80 mL). The organic phase was washed with 
aqueous 5% NaHC03 and brine, dried over MgS04, filtered, and evaporated under 
vacuum to an oil. The crude product was purified by chromatography on a Biotage 
Flash 12M KP-Sil column, eluting with 3:1 hexanes-EtOAc (300 mL) followed by 2:1 
hexanes-EtOAc (300 mL). The product containing fractions were combined and 



--123- 



wo 02/41835 



PCT/USOl/44010 



evaporated under vacuum to provide 3-(re/t-butyloxycarbonyl)-7-ethyl-7-(3- 
oxobutyl)-73-dihydroindeno[4,5-d]iimdazol-6(3i]0-one (31 mg, 22% yield) as a clear 
oil. 

5 Step 2: 9a-^thvl-8,9>9a,10-tetrahvdrofluorenorL2-finiimdazol-7(3ffl^ 

A solution of 3-(^e7t-butyloxycarbonyl)-7-ethyl-7-(3-oxobutyl)-7,8- 
dihydroindeno[4,5-d]imidazol-6(3^0-one (31 mg, 0.084 mmol) in toluene (0.8 mL) 
was placed under a nitrogen atmosphere and treated pyrrolidine (0.007 mL, 0.084 

10 romol) and acetic acid (0.005 mL, 0.087 nmiol). The resulting mixture was stirred 
and heated in an oil bath at 85-100°C for 2 hours. After cooling, the reaction mixture 
was diluted with EtOAc (1 mL), aqueous 6N HCl (1 mL) and water (1 mL) and then 
stirred at room temperature for one hour. The mixture was partitioned between 
EtOAc (50 mL) and aqueous 3% NaHC03 (50 mL). The organic phase was washed 

15 with 5% NaHC03 and brine, dried over MgS04, filtered, and concentrated under 
vacuum to provide 9a-ethyl-8,9,9a,10-tetiahydrofluoreno[l,2-d]imidazol-7(3iiO-one 
(15 mg, 71% yield) as a yellow oil. 

Step 3: 6-bromo-9a-ethvl-8,9,9aJ0-tetrahvdrofluorenorL2-gnimidazol-7(3ii/)-on^ 

20 

An ice-cold mixture of 9a-^thyl-8,9,9a,10-tetrahydrofluoreno[l,2- 
d]imidazol-7(3//)-one (14.1 mg, 0.055 nrnaol), carbon tetrachloride (0.2 mL) and 
sodium bicarbonate (25 mg, 0.3 mmol) was placed under a nitrogen atmosphere and 
treated with bromine (0.003 mL, 0.058 mmol). The mixture was vigorously stirred at 

25 0°C for 35 minutes, and then partitioned between CH2CI2 (30 mL) and water (30 
mL). The aqueous phase was back-extracted with CH2CI2 (10 mL). The combined 
organics were washed with saturated aqueous Na2S203 (25 mL) and brine (25 mL), 
dried over MgS04, filtered ,and concentrated under vacuum. The residue was 
purified by preparative layer chromatography on a 0.1 x 10 x 20 cm silica gel GF 

30 plate, developing with 7.5% MeOH in CH2CI2. The major UV visible band was 

extracted with 5% MeOH in CH2CI2 and the extracts were evaporated under vacuum 
to afford 6-bromo-9a-ethyl-8,9,9a,10-tetrahydrofluoreno[l,2-rflimidazol-7(3/0-one 
7.8 mg, 43% yield) as an oil. The oil was lyophilized from benzene (ca. 1 mL) 
containing a few drops of MeOH to give the product as a white amorphous solid. 
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IHNMR (CDQa. 500 MHz) 6 0.90 (t, CHzCffj). 1.61 and 1.75 (two m. CHzCH^), 
2.17 and 2.37 (two ddd, P-C/fj). 2.72-2.84 (m, Z-CHz), 3.03 (d. one of IO-CH2). 3.50 
(br s, one of 10-Ci?2), 7.57 (br s, HA), 8.16 (s, H-2), 8.59 (d, H-5), and 9.76 (br s, 
5 Nfl); mass spectrum m/z 331.3 QA+1) and 333.3 (M+3). 



10 



EXAMPLE 33 

SYNTHESIS OF 9a-BUTYL-6-ETHYL-4-FLUORO-8.9.9a. 1 0- 
TETRAHYD ROFLUORFNQf 1 .a-^IMID AZOI^7f3ffl-QNF. 




Step 1: 5-anni no-2-butvl-6-fluoro-2-(3-oxohexvl)-l-indanone 



A solution of 5-(acetylamino)-6-fluoix)-2-butyl-l-indanone (943 mg, 
15 4.3 mmol) in anhydrous MeOH (6.9 mL) was treated with 0.5M NaOMe in MeOH 
(1.72 mL, 0.86 nunol) followed by propyl vinyl ketone (632 mg, 6.45 mmol). TTie 
resulting mixture was purged with N2 and then stirred in a capped flask with heating 
in an oil bath at 70°C for 24 hours. After cooling to room temperature, the mixture 
was partitioned between EtOAc (75 mL) and aqueous saturated NB[4C1 (75 mL). The 
20 organic portion was washed with 5% NaHCOs and brine, dried over MgS04, filtered, 
and evaporated under vacuum to give an orange oil (1.51 g). The crade product was 
purified by chromatography on a Biotage Flash 40S column (4.0 x 7.0 cm, KP-Sil), 
eluting with 4:1 hexanes-EtOAc (0.5 L) followed by 2:1 hexanes-EtOAc (1 L). The 
product containing fiactions were combined and evaporated under vacuum to afford 
25 5-ainino-2-butyl-6-fluoro-2-(3-oxohexyI)-l-indanone (569 mg) as an orange oil. 

Step 2: 7-amino-9a-butvl-4-ethv1-6-fluoro-1.2.9.9a-tetrahvdrD-3g-fluoren-3-nnft 
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A solution of 5-amino-2-butyl-6-fluoro-2-(3-oxohexyl)-l.indanone 
(569 mg, 1.78 mmol) in HOAc (1.8 mL) was diluted with aqueous 6N HCl (1.8 mL). 
The resulting mixture was purged with and then stined in a capped flask while 
heating in an oil bath at 100°C for 2 hours. After cooling, the mixture was partitioned 
5 between EtOAc (75 mL) and aqueous 5% NaHCOg (75 mL). The organic phase was 
washed with brine, dried over MgS04, filtered, and concentrated under vacuum. The 
crude product was purified by chromatography on a Biotage Flash 12M column (12 
mm X 15 cm, KP-Sil), eluting with 4:1 hexanes-EtOAc. The product containing 
fractions were combined and evaporated under vacuum to afford 7-amino-9a-butyl-4- 
10. ethyl-6-fluoro-l,2,9,9a-tetrahydro-3H-fluoren-3-one (400 mg, 75%) as an orange 
foam. 



Step 3: 7-amino-9a-hiitvl-4-ethvl-6-fli ioro-8-nitm-1 .7- 9.9a-tetrahvdro-3g-fluomn-^- 
one 

15 A solution of 7-amino-9a-butyl^thyl-6-fluoro-l ,2,9,9a-tettahydro- 

3^-fluoren-3-one (400 mg, 1.33 mmol) in trifluoroacetic acid (2.6 ml) was treated 
with 2,3,5,6-tetrabromo^methyl-4-nitro-2,5-cyclohexadien-l-one (623 mg, 1.33 
mmol). The resulting suspension was purged with N2, sonicated briefly, and then 
stined at room temperature for three hours. The mixture was diluted with EtOAc (50 

20 mL) and washed with water, 5% NaHCOa, and brine. The organic solution was dried 
over MgS04, filtered, and evaporated under vacuum to provide a brown oil (1 .033 g). 
The crude product was purified by chromatography on a Biotage 40M column (4.0 x 
15.0 cm, KP-Sfl), eluting with 10:1 hexanes-EtOAc (700 mL) foUowed by 4:1 
hexanes-EtOAc (1 L). The product containing fractions were combined and 

25 evaporated under vacuum to leave 7-amino-9a-butyl-4-ethyl-6-fluoro-8-nitro- 1,2,9,9a- 
tetrahydro-3H-fluoren-3-one (125.5 mg, 27%) as an orange fihn. The product wj 
lyophilized from benzene to give an amorphous solid. 



30 



Step 4: 7,8-diamino-9a-butvl-4-ethvl-6-flu o ro-1.2.9.9a-tetiahvdro-3/y-flnorEn-3-one 

A sample of 7-amino-9a-butyl-4-ethyl-6-fluoix>-8-nitro- 1,2,9,9a- 
tetrahydro-3if-fluoren-3-one (114 mg, 0.33 mmol) was dissolved in EtOH (13 mL) 
with wanning. After cooling, the solution was treated with KOAc (32 mg, 0.33 
mmol) and 10% palladium on carbon (32 mg). The resulting mixture was stirred 
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under a hydrogen atmosphere and at room temperature for 3.5 hours. The mixture 
was filtered through a plug of silica gel with the aid of 5% MeOH in CH2CI2. The 
filtrate was concentrated to a residue (130 mg) that was purified by preparative layer 
chromatography (two 0.1 x 20 x 20 cm silica gel GF plates, developed with 1:1 
5 hexanes-EtOAc). The UV visible product band was eluted with EtOAc and the eluant 
evaporated under vacuum to an orange oil. This material was lyophilized from 
benzene to provide 7,8-diamino-9a-butyl-4-^thyl-6-fluoro-l,2,9,9a-tetrahydro-3jff- 
fluoren-3-one (76 mg, 73%) as an amorphous solid. 

10 SteElL_9a::bui^^ 
one 

A solution of 7,8-diamino-9a-butyl-4-ethyl-6-fluoix>-l ,2,9,9a- 
tetrahydro-3H-fluoren"3-one (24 mg, 0.076 mmol) in EtOH (0.32 mL) was treated 
with triethyl orthoformate (0.020 mL, 0.11 mmol). The resulting solution was placed 

15 under a N2 atmosphere, stirred, and heated at 80*^0 in a capped flask for one hour. 
After cooling, the mixture was concentrated under vacuum. The residue was purified 
by preparative layer chromatography on a 0.1 x 20 x 20 cm silica gel GF plate, 
developing with 5% MeOH in CH2CI2. The product band was eluted with 5% MeOH 
in CH2CI2, the eluant evaporated under vacuum, and the residual yellow oil (5.4 mg) 

20 lyophilized from benzene to afford 9a-butyl-6-ethyl-4-fluoro-8,9,9a,10- 
tetrahydrofluoreno[l,2-d]imidazol-7(3jH)-one as an amorphous solid. 

IH NMR (CDCI3, 500 MHz) 5 0.80 (t, CH2CH2CH2Cif3), 1.16 (t, 6-CH2C//5), 1.14- 
1.28 (m, CH2Cff2Ci?2CH3), 1.43 and 1.62 (two m, C£r2CH2CH2CH3), 2.04 and 2.29 
25 (two ddd, 9-CH2), 2.50 and 2.60 (two ddd, 8-CH2X 2.55 and 2.71 (two qd, 6- 
CH2CH3), 2.90 and 3.33 (two d, IO-CH21 7.41 (d, H-5\ and 8.42 (s. H-2); mass 
spectrum m/z 327.2 (M+1), 390.2 (M+Na+MeCN), and 675.3 (2M+Na). 
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EXAMPLE 34 
SYNTHESIS OF 9a-ETHYL-6-METHYL-8.9,9aJ0- 
TETRAHYDRQFLUORENOrL2-^rL231TRIAZQL-7(3flVONE 




5 Step 1: 7>^thvl-7.8-dihvdroindenor4.5--tfirL231triazol-6f3/n-Qne 

An ice-cold solution of 4,5-diamino-2-ethyl-l-indanone (190 mg, 1 
mmol) in ethanol (13 mL) was treated with aqueous 37% HCl (1 ml, 12 mmol) and 
water (0.25 mL). The resulting orange solution was stirred with ice-bath cooling 

10 while a solution of NaN02 (276 mg, 4 mmol) in water (1.3 mL) was added dropwise 
over one minute. The solution darkened and a precipitate formed. The mixture was 
stirred an additional 35 minutes at 0°C and then partitioned between EtOAc (150 mL) 
and water (150 mL). The organic phase was washed with brine, dried over MgS04, 
filtered, and evaporated under vacuum to afford 7-ethyl-7,8-dihydroindeno[4,5- 

15 d][1.2,3]tria2ol-6(3fl)-one (183 mg, 91% yield) as an orange solid. 

Step 2: 3-(rm-butvloxvcarbonvlV7-ethvl-7.8-dihvdroindenor4.5-^ri.2.31tria2oU 
6(3jy)-one 

A solution of 7-ethyI-7,8-dihydroindeno[4,5-d][l,2,3]triazol-6(3fl)-one 
20 (180 mg, 0.89 mmol) and 4-(dimethylamino)pyridine (109 mg, 0.89 mmol) in 

anhydrous tetrahydrofuran (3.6 mL) was placed under nitrogen and stirred at room 
temperature while triethylamine (0.125 mL, 0.89 nraiol) and di-f^rf-butyl dicarbonate 
(0.225 mL, 0.98 nrniol) were added by syringe. After stirring an additional 30 
minutes at room temperature, the reaction mixture was partitioned between EtOAc 
25 (150 mL) and aqueous IN HCl (150 mL). The organic phase was washed with 

aqueous 5% NaHC03 (150 mL) and brine (150 mL), dried over MgS04, filtered, and 
concentrated under vacuum, to an orange-pink solid (288 mg). The crude product was 
purified by chromatography on a Biotage Flash 12M KP-Sil column, eluting with 4:1 
hexanes-ROAc. The product containing fractions were evaporated under vacuum to 



-128- 



wo 02/41835 



PCT/USOl/44010 



provide 3K^5rt-butyloxycarbonyl)-7-^thyl-73-^ihydroindeno[4,5-d^ 
. 6(3fl)-one (246 mg, 92% yield) as a white solid. 

Step 3: 7-ethvl-2--(3K)xopentvn-7,8-dihvdroindenor4.5-^ri,231triazol--6f2j^ 
5 and 7-ethvl-3-(3-oxopentvIV7,8>dihvdroindenor4,5-£nri,231triazol-^Gfn><^^^ 

A solution of 3-(re7t-butyloxycarbonyl)-7-ethyl-7,8-dihydroindeno[4,5- 
rfl[l,2,3]triazo]-6(3i?)-one (246 mg, 0.82mraol) in anhydrous tetrahydrofuran (2.1 
mL) was treated with l,8-diazabicyclo[5.4.0]undec-7-ene (DBU, 0.024 mL, 0.16 

10 nunol) and ethyl vinyl ketone (EVK, 0.160 mL, 1.6 mmol). The resulting solution 
was placed under a nitrogen atmosphere and stirred with heating in a 60X oil bath. 
NMR and LC-MS analysis of an aliquot removed after heating for 22 hours showed 
the presence of starting material and two major products. After 22.5 hours at 60^*0, 
the reaction mixture was treated with additional DBU (0.012 mL, 0.08 mmol) and 

15 EVK (0.08 mL, 0.8 mmol). The resulting mixture was stirred under nitrogen and 
heated in an oil bath at 60°C for an additional 16 hours. After cooling, the mixture 
was diluted with EtOAc (150 mL) and washed with aqueous IN HCl (150 mL). The 
aqueous was back-extracted with EtOAc (50 mL). The combined organics were 
washed with aqueous 5% NaHC03 (150 ml) and brine (150 ml), dried over MgS04, 

20 filtered, and concentrated under vacuum. The residue was purified by 

chromatography on a Biotage Flash 12M KP-Sil column, eluting with 4: 1 hexanes- 
EtOAc (350 noL) followed by 2:1 hexanes-EtOAc (100 mL). Early fractions provided 
7-ethyl-2.(3-oxopentyl)-7,8-dihydroindeno[4,5-d][l,2,3]tri£^^^^ ( 70 mg, 

30% yield) as an oil, whereas later fractions provided mainly 7-ethyl-3-(3-oxopentyl)- 

25 7,8-dihydroindeno[4,5-d][l,2,3]triazol-6(3fl)-one (1 10 mg, 47% yield) as an oil. The 
latter product contained approximately 10% of the isomeric 7-ethyl-l-(3-oxopentyl)- 
7,8-dihydroindeno[4,5-^2f][l,2,3]triazoI-6(1^0-one product. The structural 
assignments of the three products are based on analogy to related compounds and are 
not definitively proven. 

30 

Step 4: 7-ethvl-7-G -oxopentvn-7,8-dihvdroindenor4,5-rfirL2.31triazol-^(3g)-one 

A solution of 7-ethyl-2-(3-oxopentyI)-7,8-dihydroindeno[4,5- 
fl[l,2,3]triazol-6(2fl)-one ( 70 mg, 0.25 mmol) in methanolic 0.5M NaOMe (0.60 
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mL, 0.3 mmol) was treated with ethyl vinyl ketone (EVK, 0.025 mL, 0.25 mmol). 
The resulting naixture was stirred and heated in an oil bath at TO^'C. After 17 hours, 
the reaction mixture was treated with additional 0.5M NaOMe in MeOH (0.05 mL, 
0.025 mmol) and EVK (0.01 mL, 0.1 mmol), and heating was continued for 4 hours. 
5 The mixture was partitioned between EtOAc (150 mL) and aqueous IN HCl (150 
mL), and the aqueous phase was back-extracted with EtOAc (50 mL). The combined 
organics were washed with aqueous 5% NaHC03 (100 oiL) and brine (100 mL), dried 
over MgS04, filtered, and evaporated under vacuum. The residue was purified by 
chromatography on a Biotage Flash 12M KP-Sil column which was eluted with 2:1 
10. hexanes-EtOAc. The product containing fractions were evaporated under vacuum to 
afford7-ethyl-7-(3-oxopentyl>7,8-dihydroindeno[4,5-<l [1 ,2,3]triazol-6(3fl)-one (16 
mg, 23% yield) as a clear oil. 

Step 5: 9a-ethvl-6-methvl^8 ,9.9a,10-tetrahvdrofluQrenorL2-tfirL231triazol-7(3^^ 
15 OTie * 

A solution of 7-ethyl-7~(3-oxopentyl)-7,8-dihydroindeno[4,5- 
d][l,2,3]triazol-6(3fl)-one (16 mg, 0.056 mmol) in acetic acid (0.25 mL) was diluted 
with aqueous 6N HCl (0.25 mL) and the resulting solution was stirred and heated in 
an oil bath at 100°C for one hour. After cooling to room temperature, the reaction 

20 mixture was partitioned between EtOAc (20 mL) and aqueous 5% NaHC03 (20 mL). 
The organic phase was washed with brine (20 mL), dried over MgS04, and 
concentrated under vacuum. The residue was purified by preparative layer 
chromatography on a 0.1 x 10 x 20 cm silica gel GF plate, developing with 5% MeOH 
in CH2CI2. The major UV visible band at Rf 0.11-0.18 was eluted with 5% MeOH in 

25 CH2CI2 and the eluant evaporated under vacuum to leave 9a-ethyl-6-methyl- 

8,9,9a,10-tetrahydrofluoreno[l,2"rf][l,2.3]triazol-7(3fl)-one (13.7 mg, 92% yield) as a 
yellow oil. This material was lyophilized from benzene to provide the product as a 
pale yellow, amorphous solid. 

30 IH NMR (CDCI3, 500 MHz) 5 0.87 (t, CH2CH5), 1.53 and L70 (two m, CH2CH3I 
2.11 and 2.36 (two m, 9-CH2), 2.20 (s, Cffj), 2.59 and 2.68 (two ddd, S-CH2I 3.37 
and 3.56 (two d, 10.Ci?2), 7.83 (d, HA or i?-5), and 7.89 (d, H-5 or ^^-4); mass 
spectrum m/z 268.4 (M+1). 
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EXAMPLE 35 

SYNTHESIS OF6-AIXYL-9a-ETHYL-8.9,9aJ0^TETRAHYDROPLUORENQ^ 
ri,2-JirL2,31TRIAZOL-7f3ffl-ONE 




5 Step 1: 7-eth vl-2>(r2--ftrimethvlsilvnethoxv1methvn-7,8-dihvdroind^^ 

rf]rL2.31triazol-6f2fl)K)ne. 7-etfavl->3-( r2-ftrimethvlsilvneflioxv1methvl 1-7.8- 
dihvdroindenor4,5-rfiri,2.31triazol-6(3fl)-one, and 7-ethvl-l-l [2- 
(trimethvlsilvnethQ xv1methvl>-7.8-dihvdroindenor4.5-^ri^ 

10 Sodium hydride (NaH, 1 15 mg of a 61% dispersion in mineral oil, 2.9 

mmol) was added to an ice-cold solution 7-ethyl-7,8~dihydroindeno[4,5- 
tZ][l,2,3]triazol-6(3i?)-one (538 mg, 2.67 mmol) in anhydrous dimethylformamide (8 
mL). The mixture was stirred under a nitrogen atmosphere and cooled in an ice bath 
while 2-(trimethylsilyl)ethoxymethyl chloride (SEM-Cl, 0.54 mL, 3.1 mmol) was 

15 added over one minute. The resulting mixture was stirred with gradual warming to 
room temperature. After 16.5 hours, additional NaH (13 mg, 0.33 mmol) and SEM- 
Cl (0.05 mL, 0.28 mmol) were added to the mixture and stirring was continued for 30 
minutes at room temperature. The mixture was partitioned between EtOAc (200 mL) 
and water (200 mL). The organic phase was washed with brine, dried over MgS04, 

20 filtered, and concentrated under vacuum to a brown oil (1.2 g). The crude product 
was purified by chromatography on a Biotage Flash 40S column, eluting with 4:1 
hexanes-EtOAc (1000 mL). The early fractions gave 7-ethyl-2-{ [2- 
(trimethyIsilyl)ethoxy]methyl}-7,8-dihydroindeno[4,5-^q[l,2,3]triazol-6(2/?^^ (298 
mg, 34% yield) as an orange oil. The later fractions provided a 58:42 mixture (464 

25 mg, 52% yield) of 7-ethy^3-{[2-(tIimethylsilyl)ethoxy]methyl}-7,8- 
dihydI^oindeno[4,5-rf][l,2,3]triazol-6(3£0-one and 7HethyH-{[2- 
(trimethylsilyl)ethoxy]methyl}-7,8-dihydroindeno[4,5^[l,2,3]tria2oI-6(l^^ as a 
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yellow oil. The structural assignments for the three isomeric products are based on 
analogy to related compounds and are not definitively proven. 

Step 2: 7--elhvl-7-G-oxobutvlV3-(r2-ftrimethvlsilvnethoxvlmethvn-7.8- 
5 dihvdroindenor4.5"^rL231triazol-6f3fn-one and 7-ethvl-7-f3-oxobutvlVl-f [2- 
(trimethvlsilvl^thoxv1methvl}-7.8-dihvdroindenor4,5-dirL2,31triazol-6ai^ 

A 58:42 mixture of 7-ethyl-3-{[2-(trimethylsilyl)ethoxy]methyl}-7,8- 
dihydroindeno[4,5-d][l,2,3]triazol-6(3i0-one and 7-ethyH-{[2- 

10 (trimethylsilyl)ethoxy]methyl }-7,8-dihydromdeno[4,5-^[l,23]triazol-6(l^ (464 
mg, 1.40 ramol) was dissolved in anhydrous tetrahydrofuran (2.8 mL). The solution 
was placed under a nitrogen atmosphere and treated with 1,8- 
diazabicyclo[5.4.0]undec-7-ene (0.042 joaL, 0.28 mmol) and methyl vinyl ketone 
(0.230 mL, 2,8 mmol). The resulting solution was stirred and heated in an oil bath at 

15 55°C for 135 nainutes. After cooling, the mixture was partitioned between EtOAc 
(250 mL) and aqueous IN HCl (200 naL), and the aqueous phase was back-extracted 
with EtOAc (50 mL). The combined organics were washed with aqueous 5% 
NaHC03 (200 mL), water (200 mL), and brine (200 mL), dried over MgS04, filtered, 
and concentrated under vacuum to provide a 58:42 mixture (543 mg, 97% yield) of 7- 

20 ethyl-7-(3-oxobutyl)-3-{ [2-(trimetfiylsilyl)ethoxy]methyl }-7,8-dihydroindeno[4,5- 
£q[l,2,3]triazoI-6(3fl)-one and 7-ethyl-7-(3-oxobutyI)-l-{[2- 
(trimethyIsilyl)ethoxy]methyl }-7,8-dihydroindeno[4,5-d] [1 ,2,3]triazol-6(l/0--one as 
an oil. 

25 Step 3: 9a-ethvl-3>;f r2-trimeaivlsilvnethoxvlmettivl K8,9,9a,10- 

tetiahvdrofluorenorL2-rfiri,231triazol-7(3jH)-one and 9a-ethvl-l-( r2- 

tiimethvlsilvnetiioxv1methvn-8.9.9aJ04etrahvdrofluoienorL2-£/irL231tri^^^ 

7flflVone 

30 A 58:42 mixture (543 mg, 1.35 mmol) of 7-ethyl-7-(3-oxobutyl)-3-{[2- 

(trimethylsilyl)ethoxy]methyl}-7,8-dihydroindeno[4,5-d][l,2,3]triazol-6(3^0-^^ and 
7-etiiyl-7-(3-oxobutyl)-l-{[2-(trimethylsilyl)etiioxy]methyl}-7,8-dihydroindeno[4,5- 
d][l,2,3]triazol-6(lii)-one was dissolved in anhydrous toluene (14 mL). The solution 
was stirred under a nitrogen atmosphere while pyrrolidine (0.120 mL, 1.44 namol) and 
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acetic acid (0.080 mL, 1.40 mmol) were added by syringe. The resulting solution was 
wanned to 90°C over 20 minutes, then heated at PO'^C for 4 hours. The reaction 
mixture was diluted with EtOAc (250 mL) and washed with water (250 mL). The 
aqueous phase was back-extracted with EtOAc (50 mL) and the combined organics 
5 were washed with brine, dried over MgS04, filtered, and concentrated under vacuum 
to an oil (510 mg). The crude product was purified by chromatography on a Biotage 
Flash 40S KP-Sil column, eluting with 4:1 hexanes-EtOAc (1000 mL) followed by 
2: 1 hexanes-EtOAc (300 mL). The product containing fi:^ctions were combined and 
evaporated under vacuum to afford a 58:42 mixture (406 mg, 78% yield) of Pa-ethyl- 
10 3-{ [2-trimethylsilyl)ethoxy]methyl }-8,9,9a, 10-tetrahydrofluoreno[ 1 ,2-d] [1 ,2,3]triazol- 
7(3/0-one and 9a-etiiyH-{[2-trimethylsilyl)ethoxy]methyl}-8,9,9a,10- 
tetrahydrofluoreno[l,2-d][l,2,3]triazol-7(lfl)-one as an oil. 

Step 4: 6-bromo-9a-ethvl-3-(r2-trimethvlsilvnetiioxvlmethvll-8,9,9aJ0- 
15 tetrahvdrofluorenorL2-gnrL231triazol-7f3fn-one and 6-bromo-9a-ethvl-l-( r2- 
trimethvlsilvnethoxvlmethvl )-8,9,9a, lO-tetrahvdrofluorenon ,2-^ rL2,31triazol- 
7flH)-one 

A 58:42 mixture (406 mg, 1.06 mmol) of 9a-.ethyl-3-{[2- 
20 trimethylsilyl)ethoxy]methyl }-8,9,9a, 10-tetrahydrofluoreno[l ,2-rf| [1 ,2,3]triazol- 
7(3//)-one and 9a-etiiyM-{[2-trimethylsilyl)ethoxy]methyl}-8,9,9a,10- 
tetrahydrofluoreno[l,2-d][l,2,3]triazol-7(li9)-one was dissolved in carbon 
tetrachloride (3.1 mL) and the solution was treated with solid NaHC03 (445 mg, 5.3 
nrniol). The mixture was cooled in an ice bath, placed under a nitrogen atmosphere, 
25 and stirred while bromine (0.055 mL, 1,06 mmol) was added by syringe. After 
stirring for 10 minutes at 0**C, the mixture was sonicated for approximately one 
minute to break up a gummy orange deposit. The mixture was returned to the cooling 
bath and stirred an additional 45 minutes at 0°C. More bromine (0.020 mL, 0.39 
mmol) was added and the mixture was stirred at 0°C for an additional 15 minutes. 
30 The mixture was then partitioned between CH2CI2 (200 mL) and water (100 mL). 
The organic phase was washed with dilute aqueous Na2S203 and brine, dried over 
MgS04, filtered, and concentrated under vacuum to a yellow oil. This material was 
purified by chromatography on a Biotage Flash 40S KP-Sil column, eluting with 4:1 
hexanes-BtOAc (1000 mL) followed by 2:1 hexanes-EtOAc (300 mL) and collecting 
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two 100 mL fractions followed by 25 mL fractions. Fractions 7-19 were combined 
and evaporated under vacuum to afford a 77:23 mixture (322 mg, 65% yield) of 6- 
bromo-9a-ethyl-3-{[2-trimethylsilyl)ethoxy]methyl}-8,9,9a,10- 
tetrahydrofluoreno[l,2-d][l,2,3]triazol-7(3fl)-one and 6-biDmo-9a-ethyl-l-{[2- 
5 trimethylsilyl)ethoxy]methyl}-8,9,9a,10-tetrahydrofluoreno[U-d][l,2,3]triazol- 
• 7(l/r)-one as an oil. Fractions 32-38 afforded recovered starting material (85 mg, 
22%) as a mixture of isomers. 

Step 5: 6-allvl-9a- ethvl-3-(r2-trimethv]silvltethoxv1methv])-8.9.9a.lO- 
10 tetrahvdroflu orenori.2-tfiri .2.31triazol-7f3/f>-one and 6-allvl-9a-ethvl-l-i [2- 

trimetfavlsilvnethoxvlmeth vl}-8.9.9a.l0-tetrahvdrofluorenofl.2-rfiri.2.31triazo]- 
7ag)-one 

A 77:23 mixture (93 mg, 0.20 mmol) of 6-bromo-9a-ethyl-3-{[2- 
trimethylsilyl)ethoxy]methyl}-8,9,9a,10-tetrahydrofluoreno[l,2-<fl[l,2,3]triazol- 

15 7(3fl)-one and 6-bromo-9a-ethyl-l-{ [2-trimethylsilyl)ethoxy]methyl }-8,9,9a,10- 
tetrahydrofluoreno[l,2-d][l,2,3]triazol-7(l/0-one and dicWoro- 
bis(triphenylphosphine)palladium(II) (28 mg, 0.04 mmol) were dissolved in 
anhydrous toluene (2 mL). The solution was purged with nitrogen, treated with 
allyltributyltin (0.130 mL, 0.40 mmol), gradually heated to 100°C over 20 minutes, 

20 and then stirred and heated at 100°C for 1 8 houre. After cooling to room temperature, 
the mixture was concraitrate under vacuum. The residue was dissolved in EtO Ac (50 
' mL) and the solution ffltered through a pad of silica gel (7.5 mL). Evaporation of the 
filtrate left an oil which was purified by chromatography on a Biotage Flash 12M KP- 
Sil column, using 4:1 hexanes-EtOAc as eluting solvent. TTie product containing 

25 fi^ctions were combined and evaporated under vacuum to provide a 4: 1 mixture (87 
mg) of 6-allyl-9a-ethyl-3-{[2-trimethylsilyl)ethoxy]methyl}-8,9,9a,10- 
tBtrahydrofluoreno[l,2-<l[l,2,3]triazol-7(3/0-one and 6-allyl-9a-ethyl-l-{[2- 
trimethylsilyl)ethoxy]methyl}-8,9,9a,10-tetrahydrofluoreno[l,2-^i][l,2,3]liiazol- 
7(l//)-one. The product was contaminated with minor amounts of triphenylphosphine 

30 oxide. 

Step 6: 6-a1lvl-9a-Rthvl.8.9.9a in-t etrahvdrofluorenori.2-^fl.2.31triazol-7(3/n-one 
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A 4:1 mixture (36 mg, 0.085 mmol)) of 6-allyl-9a-ethyl.3-{[2- 
lrimethylsilyl)ethoxy]methyl}-8,9,9aj0-tetrahydrofluore^ 
7(3fl)-one and 6-aUyl-9a-«thyl-l-{[2-tiimethyIsilyI)ethoxy]meft^^ 
tetrahydrofluoreno[l,2-t/][l,2,3]triazol-7(lfl>one was dissolved in anhydrous 
5 tetrahydrofuran (0.50 mL) and the solution was treated with tetrabutylammonium 
fluoride (0.10 mL of a l.OM solution in tetrahydrofuran, 0.1 mmol). The resulting 
solution was placed under a nitrogen atmosphere and stirred at room temperature for 
1.5 hours followed by 16 hours at 50''C, After cooUng, the reaction mixture was 
partitioned between EtOAc (50 mL) and aqueous IN HCl (50 mL). The organic 

10 phase was washed with aqueous 5% NaHC03 (50 mL), water (50 mL), and brine (50 
mL), dried over MgS04, filtered, and concentrated under vacuum to a yellow oil (28 
mg). This material was purified by preparative HPLC using a YMC-Pack ODS 
column (100 x 20 mm i.d., S-5 fim, 120A) and 0.1% TFA in aqueous MeCN as 
eluting solvent. The product containing fractions were evaporated under vacuum. 

15 The residue was partitioned between EtOAc ( 50 mL) and aqueous 5% NaHC03 (50 
mL) and the organic phase was washed with brine, dried over MgS04, filtered, and 
evaporated under vacuum to a white film (9 mg). This material was further purified 
by preparative layer chromatography on a 0.1 x 10 x 20 cm silica gel GF plate which 
was developed three times with 2: 1 hexanes-EtOAc. The major UV visible band was 

20 eluted with EtOAc and the solvent evaporated under vacuum to afford 6-allyl-9a- 

ethyl-8,9,9a,10-tetrahydrofluoreno[l,2-d][l,2,3]triazol-7(3fl)-one (4.7 mg. 25% yield) 
• as an oil. 

iH NMR (CDCI3, 500 MHz) 5 0.91 (t. CH2CH31 1.61 and 1.77 (two m, CH2CH2I 
25 2.15 and 2.41 (two m, 9-CH2)» 2.60 and 2.70 (two ddd. 8-Cff2). 3.10 and 3.59 (two d, 
10-0/^2), 3.26 and 3.59 (two m, CH2=CHCH2), 5.07 (m, Cff2=CHCH2), 6.04 (m, 
CH2=Ci/CH2), 7.75 (br s, H-4 or f/-5), and 7.82 (d, H-5 or H-4); the broadened 
signals at 5 3.59 and 7.75 presumably reflect the presence of triazole tautomors. 
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EXAMPLE 36 

SYNTHESIS OF 9a-ETHYT^6 -PROPYI^8.9.9a.lO-TETRAHYDRQPLUORENn- 
fl.2-diri.2.31TRTAZOL-7f3/f>-ONR 




5 Step 1 : 9a-ethvl-6-Dropvl -3-{ r2-trimethvlsilvnethoxv1methvl U8.9.9a. 1 0- 

tetrahvdrofluorenori .2-^ri.2.31triazol-7r3jy>-one and 9a-ethvl-6-propvl-l-(r2- 

trimethylsilYl)ethoxv1methvH-8.9.9a.l0-tetrahvdrofluorenori.2-ffiri.231triazo1- 
7(l//)-one 

A 4:1 mixture (50 mg, 0.12 mmol) of 6-allyl-9a-ethyl-3-{ [2- 
10 trimethyIsilyl)ethoxy]melhyl}-8,9,9a40-tetrahydiDfluoreno[l,2-iq[l,23]triaz^^^ 
7(3fl)-one and 6-allyl-9a-ethyl-l-{[2-trimeth)isilyl)ethoxy]methyl}-8,9,9a,10- 
tetrahydrofluoreno[l,2-ifl(l,2,3]triazol-7(lfl)-one was dissolved in ethanol (1 mL). 
The solution was treated with 10% palladium on carbon (15 mg), placed under a 
hydrogen atmosphere, and stirred at room temperature for 22 hours. The mixture was 
15 filtered through a pad of silica gel (7.5 mL) and the silica gel washed with EtOAc (50 
mL). The filtrate and washings were evaporated under vacuum to an oil (45 mg) 
which was purified by preparative layer chromatography on a 0.1 x 20 x 20 cm silica 
gel GF plate using 4:1 hexanes-EtOAc as developing solvent. The UV visible band at 
Rf 0.3-0.4 was extracted with EtOAc and the extracts concentrated under vacuum to 
20 afford a 4: 1 mixture (29 mg, 57% yield) of 9a-ethyl-6-propyl-3-{ [2- 

trimethylsilyl)ethoxy]methyl}-8,9,9a,10-tetrahydrofluoreno[l,2-if][1.2,3]tria2ol- 
l(3H)-one and 9a-ethyl-6-propyl-l-{[2-trimethylsilyl)ethoxy]methyl}-8,9,9a,10- 
tetrahydrofluoreno[l,2-£Z][l,23]triazol-7(lfl)-one as a clear oil. 

25 Step 2: 9a-ethvl-6-propvl-8. 9.9a.lO-tetrahvdrofluQrenori.2-^ri.2.31tria2ol-7f3W)- 
one 

A 4:1 mixture (29 mg, 0.07 mmol)) of 9a-ethyl-6-propyl-3-{[2- 
trimethylsilyl)ethoxy]methy]}-8,9,9a,10-tetrahydrofluoreno[l,2-d][l,2,3]triazol- 
7(3^0-one and 9a-ethyl-6-propyl-l-{ [2-trimethylsilyl)ethoxy]methyl}-8,9,9a,10- 
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tetl:ahydrofluo^eno[l,2-d][l,2,3]triazoI-7(1^0-one was dissolved in methanol (0.50 
mL) and the solution was diluted with aqueous 6N HCl (0.50 mL). The resulting 
milky suspension was placed under a nitrogen atmosphere and stirred with heating in 
an oil bath at 65 °C for 50 minutes. After cooling, the reaction mixture was diluted 
5 with EtOAc (10 mL) and aqueous 5% NaHC03 (1 mL) and then partitioned between 
EtOAc (50 mL) and water (40 mL). The organic phase was washed with brine, dried 
over MgS04, filtered, and evaporated under vacuum to a clear oil (25 mg). NMR 
analysis of this material revealed a 1:1 mixture of starting materials and product. 

A solution of the crude mixture in methanol (0.25 mL) and aqueous 6N 

10 HCl (0.25 mL) was stirred with heating in an oil bath at 80°C for 40 minutes. 

Workup as described above afforded a clear oil which was purified by preparative 
layer chromatography (0. 1 x 20 x 20 cm silica gel GF plate developed with 2: 1 
hexanes-EtOAc). The UV visible band at Rf 0.10-0.26 was extracted with EtOAc and 
the extracts evaporated under vacuum to afford 9a-ethyl-6-propyl-8,9,9a,10- 

15 tetrahydrofluoreno[l,2-d][l,2,3]triazol-7(3fl)-one (14 mg, 68% yield) as an oil. 

IH NMR (CD3OD, 500 MHz) 6 0.86 and 1.02 (two t, CII2CHS and CH2CH2Ci75), 
1.46, 1.56 and 1.70 (three m, Cff2CH3 and CR2CH2CH2I 2.11 and 2.39 (two m, 9- 
CH2X 2.47 and 2.65 (two m, 8-CH2), 2.57 and 2.67 (two m, Cfl2CH2CH3), 3.04 and 
20 3.46 (two d, 10'CH2X and 7.04 (m, H-4 and H-5); mass spectrum m/z 296.2 (M+1). 



25 



EXAMPLE 37 

SYNTHESIS OF 9a-ETHYL-6-TRIPLUOROMETHYL-8,9.9a,10- 
TETRAHYDROPLUORENO-rL2-rfiri^.31TRIAZOL-7r3ffl-QNE 




Step 1: 9a-^thvl->6^trifl uoromethvl-3-(r2-trimethvlsilvl)ethoxvlmethvn-8.9.9a.lQ^ 
tetrahYdrofluorenQrL2-^ rL2.31triazol-7(3jFr>-one and 9a-ethvl^-trifluoromethvl-l- 
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{r2-trimethvlsiIvnethoxv1methvn-8,9,9a,104etrahvdrofluorenori,2-JirL^ 
7(lH)-one 

Copper(I) iodide (37 mg, 0.20 mmol) and a mixture (62.3 mg, 0.135 
mmol) of 6-bromo-9a-ethyl-3-{ [2-trimethylsilyl)ethoxy]methyl}-8,9,9a,10- 
5 tetrahydrofluoreno[l,2-cG[l,2,3]triaz;ol-7(3/?)-one and 6-broino-9a-ethyM-{ [2- 
triniethylsilyl)ethoxy]me%l}-8,9,9aa04etrahydrofluore^^ 
7(l/0-one woB dissolved in anhydrous //^-dimethylformamide (3.2 mL). The 
solution was treated with methyl difluoro(fluorosulfonyl)acetate (MFSDA, 0.150 mL, 
1.17 mmol), placed under a nitrogen atmosphere, stirred at room temperature for one 

10 . hour, and then heated in an oil bath at 70°C for two hours. Additional MFSDA (0.150 
mL, 1.17 Eomol) was added and the mixture was heated at 70°C overnight (16.5 
hours). After cooling, the mixture was diluted with EtOAc (60 tnL), washed with 
water (3 x 50 ml) and brine, dried over MgS04, filtered, and concentrated under 
vacuum. The residue was purified by preparative layer chromatography on a 0. 1 x 20 

15 X 20 cm silica gel GF plate, developing wit 2:1 hexanes-EtOAc. The major UV 
visible band was eluted with EtOAc and the eluant evaporated under vacuum to 
provide a mixture (32 mg, 55%) of 9a-ethyl-6-trifluoromethyl-3-{ [2- 
trimethylsilyl)ethoxy]methyl } -8,9,9a,10-tetrahydrofluoreno[l ,2-d] [1 ,2,3]triazol- 
7(3i/)-one and 9a-ethyl-6-trifluoromethyl-l-{[2-trimethylsilyl)ethoxy]methyl}- 

20 8.9,9a,10-tetrahydrofluoreno[l,2-£f|[l,2,3]triazol-7(l/3)-one as an off-white solid. 

Step 2: 9a-ethvl-6- trifluoromethvl-8,9.9aJ04etrahvdrofluorenorL2-rfirL231tria^^^ 
7f3fl)-one 

25 The product mixture from step 1 (32 mg, 0.07 mmol) was dissolved in 

MeOH (--1 mL) and treated with aqueous 2N HCl (~1 mL). The resulting white 
suspension was stirred and heated in an oil bath at SO'^C for 70 minutes. After 
cooling, the mixture was partitioned between EtOAc and aqueous 5% NaHC03. The 
organic phase was washed with brine, dried over MgS04, filtered, and concentrated 

30 under vacuum. The residue was purified by preparative layer chromatography (PLC, 
0.1 X 20 X 20 cm silica gel GF plate), developing with 5% MeOH in CH2CI2. Two 
UV visible bands were removed and eluted with 5% MeOH in CH2CI2. The slower 
moving band afforded the deblocked product whereas the faster moving band returned 
starting mat^al. 
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The recovesred starting material was dissolved in MeOH (-ImL), 
treated with aqueous 6N HCl (~lmL), and the mixture was heated in an oil bath at 
80°C for 75 minutes. Workup as above followed by PLC afforded only deblocked 
product The two product samples were combined and lyophilized from benzene to 

5 afford 9a-ethyl-6-trifluoromethyl-8,9,9a,10-tetrahydrofluoreno[l,2-d][l,23]triazol- 
7(3ia)-one (18 mg, 80%) as an amorphous solid. 

IH NMR (CD3OD. 500 MHz) 5 0.86 (t. CU2CH3), 1.45 and 1.65 (two dq, CJ?2CH3), 
2.24 and 2.40 (two ddd. 9-CH2), 2.62 (m. 8-CH2), 3.22 and 3.55 (two d, IO-CH2), 
10 3.30 (p. CHD2OD), 7.78 (d. H-4), and 7.86 (qd, H-S); mass spectrum m/z 322.2 
(M+1), 385.2 (M+Na+MeCN), and 665.2 (2M+1). 



EXAMPLE 38 

15 SYNTHESIS OF 6-BROMO-9 a-ETHYL-8.9.9a.lO-TETRAHYDROFLUORENO- 

ri.2-^ri.2.3 iTRiAZOL-7nfn-nNrR 




A crude mixture (55 mg, contains ca. 20 mole % of the 6-protio 
precursors) of 6-bromo-9a-ethyl-3-{ [2-trimethylsilyl)ethoxy]rtiethyl )-8,9,9a,I0- 

20 tetrahydrofluoreno[l,2-d][l,2,3Jtriazol-7(3fl)-one and 6-bromo-9a-ethyl-l-{ [2- 
trimethylsUyl)ethoxy]methyl}-8,9.9a,10-tetrahydrofluoreno[l,2-d][l,2,3]triazol- 
7(lfl)-one was dissolved in methanol (0.5 mL) and the solution was diluted with 
aqueous 6N HCl (0.50 ml) to give a milky suspension. The mixture was stirred and 
heated in an oil bath at 80°C. After heating for 5 minutes, the mixture was sonicated 

25 for one minute to partially solidify an un-stiirable gummy precipitate. The mixture 
was then stirred and heated in an oil bath at 87''C for 55 minutes. After cooling, the 
mixture was diluted with EtOAc (10 mL) and aqueous 5% NaHCOj and then 
partitioned between EtOAc (50 ML) and water (40 mL). The aqueous phase was 
washed with brine, dried over MgS04, filtered, and evaporated under vacuum to an 
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oil (44 mg). This material was purified by preparative layer chromatography on a 0.1 
X 20 X 20 cm silica gel GF plate, developing with 2:1 hexanes-EtOAc. Hie UV 
visible band at Rf 0.13-0.20 was extracted with EtOAc and the extracts were 
evaporated under vacuum. The residue was lyophilized from benzene to afford 6- 

5 bromo-9a-ethyl-8,9,9aa0-tetrahydrofluoreno[l,2-d][l,2,3]triazol-7(3f0^ (21 mg) 
as an amorphous solid. 

IH NMR (CD3OD, 500 MHz) 5 0.88 (t, ^2^3), 1.62 and 1.79 (two m, C//2CH3), 
2.22 and 2.42 (two ddd, 9-CH2X 2.71 and 2,87 (two ddd, S^CH2X 3.15 and 3.55 (two 
10 d, 10-Cfl2)» 7.84 (d, H-4 or i7-5), and 8.70 (d, H-5 or H-4); mass spectrum m/z 332.3 
(M+1), 334.3 (M+3), 373.3 (M+l+MeCN), and 375.3 (M+3+MeCN). 

EXAMPLE 39 

SYNTHESIS OF 6.9a-DIETHYL-8,9,9a,10-TETRAHYDROFLUORENO-ri.2- 
15 flnrh2.31TRIAZOL-7f3fn-ONE 




Step 1: 7-ethvl~7-f3 -oxohexvn-7.8-dihvdoindenor4,5^rfiri.2-31triazol-6f3/n.one 

A solution of 7-ethyl-7,8-dihydoindeno[4,5-d][l,2,3]triazol-6(3fl)-one 
20 (100 mg, 0.5 mmol) in methanolic 0.5M sodium methoxide (1.2 mL, 0.6 mmol) was 
treated with propyl vinyl ketone (PVK, 90% pure, 82 mg, 0.75 mmol). The resulting 
solution was placed under a nitrogen atmosphere and stirred while heating in a 75°C 
oil bath for 20 hours. Additional 0.5M NaOMe in MeOH (0.25 mL, 0.125 mmol) and 
PVK (approx. 30 mg, 0.28 nomol) were added and the mixture was stirred at 70°C for 
25 an additional 19 hours. ITie mixture was partitioned between EtOAc (60 mL) and 
water (60 noL) that had been adjusted to pH 4 with IN HCl. The organic phase was 
washed with brine, dried over MgS04, filtered, and evaporated under vacuum to 
provide crude 7-ethyl-7-(3K)xohexyl)-7,8-<lihydoindeno[4,5-d][l,2,3]triazoI-6(3/^ 
one (183 mg) as an oil. This material was used in the next step without purification. 
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Step 2: 6.9a- <liethvl-8,9,9aJ04etrahvdrofluorenori.2-/firi.231tria2o^ 



A solution of crude 7-ethyl-7-(3-oxohexyl)-7,8-dihydoindeno[4,5- 
5 d][l,2,3]triazol-6(3^r)-one (183 mg, approx. 0.5 mmol) in acetic acid (2 mL) was 
diluted with aqueous 6N HCl (2 mL) and the resulting mixture was placed under a 
nitrogen atmosphere and stirred while heating in an oil bath at lOO^'C for 3 hours. The 
mixture was partitioned between EtOAc (50 mL) and aqueous 5% NaHC03 (50 mL). 
The organic phase was washed with brine, dried over MgS04, filtered, and evaporated 

10 under vacuum to a red oil. This material was purified by preparative HPLC on a 
YMC-Pack ODS column (100 x 20 mm i.d., S-5 jim, 120A) using a solvent gradient 
of 90:10 A:B to 100% B where A is 0.1% TFA in H2O and B is 0.1% TFA in MeCN. 
The product containing fractions were concentrated under vacuum to a residue that 
was taken up in EtOAc (50 mL) The solution was washed with water (50 mL) 

15 containing 5% NaHC03 (approx. 1 mL), washed with brine, dried over MgS04, 
filtered, and evaporated under vacuum to an orange film (55 mg). NMR analysis of 
this material showed product and starting material. Further purification of this 
material by preparative layer chromatography (0.1 x 20 x 20 cm silica gel GF plate 
developed with 5% MeOH in CH2CI2) gave a major UV visible band tiiat provided 

20 product (40 mg) still contaminated with starting material. 

The crude nMxture from above (36 mg) was dissolved in acetic acid 
(0.50 mL) and aqueous 6N HCl (0.50 mL) and the solution was stin^ and heated in 
an oil bath at 100^*0 for 1.5 hours. Workup as described below affonied an oil which 
was shown by NMR to stUl contain about 5% starting material. The reaction was 

25 repeated with 0.50 mL each of HOAc and 6N HQ, but this time the mixture was 
heated at lOO^'C for 3 hours and then stirred at room temperature overnight. The 
reaction mixture was partitioned between EtOAc (60 mL) and aqueous 5% NaHC03 
(60 mL). The organic phase was washed with brine, dried over MgS04, filtered, and 
concentrated under vacuum to an oil (35 mg). The crude product was purified by 

30 preparative layer chromatography on a 0.1 x 20 x 20 cm silica gel GF plate which was 
developed with 5% MeOH in CH2CI2. The UV visible band at Rf 0.23-0.34 was 
extracted with 5% MeOH in CH2CI2 and the extracts evaporated under vacuum to 
afford a clear oil. The oil was lyophilized from benzene (2 mL) to provide 6,9a- 
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die%l-8,9,9a,10-tetrahydtofluoreno[l,2-d][l,2,3]triazol-7(3fl^^ (28 mg) as an 
amorphous white solid. 

IH NMR (CDCI3, 500 MHz) 5 0.89 (t, 9a-CH2CH5), 1.18 (t, 6-CH2C/r5), 1.56 and 
5 1 .70 (two m, 9a-Ci?2CH3), 2. 13 and 2.37 (two ddd, 9-CH2\ 2.56 and 2.65 (two m, 8- 
CH2\ 2.64 and 2.77 (two m, 6'CH2CYi^\ 3.08 and 3.55 (two d, 10-0^2), 7.80 (br s, 
H-A or H-5), and 7.86 (d, H-5 or HA)\ the broadened signals at 5 3.55 and 7.80 
presumably reflect the presence of triazole tautomers; mass spectrum miz 282.2 
(M+1). 

10 

EXAMPLE 40 

SYNTHESIS OF 9a-BUTYI^6-ETHYL^FLUORQ-8.9.9a.lQ- 
TEIRAHYDROFLUORENOrL2-Jiri.231TRIAZOI^7Gffl^^ 




A solution of 7,8-diamino-9a-butyM-ethyl-6-fluon>-l,2,9»9a- 
tetrahydro-3J^-fluoren-3-one (30 mg, 0.095 mmol) in EtOH (1.25 mL) was treated 
with water (0.027 mL, 1.8 nmiol). The resulting solution was purged with N2, cooled 
in an ice bath, stirred, and treated with cone. HCI (0.095 mL, 1.14 mmol) followed by 

20 aqueous 3M NaN02 (0.126 mL, 0.38 nmiol) added dropwise over two minutes. After 
stirring at 0-5°C for one hour, the solution was partitioned between EtOAc (30 mL) 
and water (30 mL). The organic phase was washed with brine, dried over MgS04, 
filtered, and concentrated under vacuum. The residue (34 mg) was purified by 
preparative layer chromatography on a 0. 1 x 20 x 20 cm silica gel GF plate, 

25 developing with 5% MeOH in CH2a2- Th^ UV visible product band was eluted with 
5% MeOH in CH2CI2, the eluant concentrated under vacuum, and the residue 
lyophilized firom benzene plus MeOH to afford 9a-butyl-6-ethyl-4-fluoro-8,9,9a,10- 
tetrahydrofluoreno[l,2-<|[l,2,3]triazol-7(3fl>one (29 mg, 94%) as an amorphous 
solid. 
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IH NMR (CDCI3, 500 MHz) 5 0.82 (t, CH2CH2CH2C«5), 1.18 (t, 6-CH2Cffj), 1.16- 
1.31 (m, CH2Cff2CH2CH3), 1.46 and 1.65 (two m, Cff2CH2CH2CH3), 2.10 and 2.35 
(two ddd, 9-CH2\ 2.58 and 2.67 (two ddd, 8-C^r2), 2 58 and 2.74 (two qd, 6- 
5 CH2CH3), 3.03 and 3.48 (two d, 10-Ci?2), and 7.51 (d, //-5); mass spectrum m/z 
328.2 (M+1), 391.2 (M+Na+MeCN), and 677.3 (2M+Na). 



EXAMPLE 41 

10 SYNTHESIS OF f9ajl-9a-BUTYL-6-ETHYL~8.9.9a.l0^ 

TETRAHYDRQELUQRENOri.2-rfirL231TRIAZOL^7Gjj-)-ONE AND (9a/?V9a- 
BIJTYL^ElHYL--8.9,9aJ0-TBTRAH^ 

7f3fl)-ONE 




15 Step 1: 5-facetvlaminoV2-butvl-l-indanone 

A suspension of 5-(acetylamino)-l-indanone (1.892 g, 10 mmol) in 
EtOH (40 mL) was treated with butyraldehyde (1.35 mL, 15 mmol) and powdered 
KOH (87.7%, 128 mg, 2 mmol). The mixture was stirred at room temperature for 10 

20 minutes to give a yellow solution. The solution was treated with 10% palladium on 
carbon (190 mg), placed under a hydrogen atmosphere, and stirred at room 
temperature for 3.5 hours. The mixture was treated with more butyraldehyde (0.18 
naL, 2 mmol) and stirred under hydrogen for an additional hour. The mixture was 
filtered through a celite pad to remove the catalyst which was washed with EtOH. 

25 The filtrate and washings were evaporated under vacuum and the residue stripped 

with EtOH (2 X 50 mL). The oily residue ws partitioned between EtOAc (50 mL) and 
brine (40 mL) containing 2N HCl (10 mL). The organic phase was dried over 
MgS04, filtered, and the filtrate evaporated under vacuum to afford a pale yellow 
solid (2.405 g). The crude product was purified by chromatography on a Biotage 
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Flash 40M KP-Sil column (4.0 x 15 cm), loading the sample as a CH2CI2 solution 
and eluting the column with 1:1 EtOAc-hexanes (25 mL fractions). Fractions 25-45 
were combined and evaporated under vacuum to afford 5-(acetylamino)-2-butyl-l- 
indanone (1.826 g, 74%) as an off-white solid. 

Step 2: 5-(acetvIamino)-2-butvl-f3-oxohexvlVl-indanone and 5-amino-2-butvl-f3- 
oxohexvlV 1 -indanone 

A solution of 5-(acetylamino)-2-butyM-indanone (1.805 g, 736 
nunol) in anhydrous MeOH (14.7 mL) was treated with propyl vinyl ketone (1.25 mL, 
1 1.09 nrniol) and 0.5M NaOMe in MeOH (2.94 mL, 1.47 mmol). The resulting 
mixture was stirred in a capped flask and heated in an oil bath at 60''C for 7 hours. 
After cooling to room temperature, the mixture was treated with HO Ac (0.090 mL, 
1.57 mmol) and concentrated under vacuum. The residue was partitioned between 
EtOAc (100 mL) an water (50 mL). The organic portion was washed with brine, 
dried over MgS04, filtered, and evaporated under vacuum to give an amber oil (2.775 
g). NMR showed a 78:22 mixture of 5-(acetylamino)-2-butyl-(3-oxohexyl)-l- 
indanone and 5-amino-2-butyl-(3-oxohexyl)-l-indanone accompanied by several 
minor contaminants. 

Step 3: 7-a mino-9a-butvl-4-ethvl-L2.9.9a-tetrahvdro-3fl^--fluQren>3^ne 

The crude diketone mixture firom step 2 (2.77 g, ca. 7.3 mmol) was 
taken up in HOAc (31.5 mL) and diluted with 6N HCl (31.5 mL). The resulting 
solution was stined in a capped flask and heated in an oil bath at 100**C for 2 hours. 
After cooUng to room temperature, the mixture was diluted with EtOAc (200 mL) and 
water (200 mL) and stirred rapidly while K2CO3 (60 g) was added portionwise. The 
phases were separated and the aqueous portion extracted with more EtOAc (2 x 50 
mL). The combined EtOAc solution was washed with brine (50 ml), dried over 
MgS04, filtered, and evaporated under vacuum to provide a brown oil (2.23 g). The 
crude product was purified by chromatography on a Biotage Flash 40M column (4.0 x 
15 cm, KP-Sil), loading the sample as a CH2CI2 solution and eluting the colunm with 
3:1 hexanes-EtOAc (25 niL fractions). Fractions 23-34 were combined and 
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evaporated under vacuum to afford 7-amino-9a-butyl-4-ethyl-l,2,9,9a-tetrahydro-3/f- 
fluoreii-3-one (1.516 g) as a pale brown solid. 

Step 4: 7-amino-6-bromo-9a-butvl-4-ethvl-1.2,9,9a-tetrahvdro-3H-fluoren-3-one 

5 

A solution of 7-amino-9a-butyl-4-ethyl-l,2,9,9a--tetrahydro-3flr-- 
fluoren-3-one (L510 g, ca. 97% pure, 5.33 mmol) in anhydrous A^^- 
dimethylformamide (DMF, 22 mL) was placed under a nitrogen atmosphere, stirred, 
and cooled in a dry ice-iPrOH bath maintained at -25 to -SO^'C. A solution of N- 

10 bromosuccinimide (0.977 g, 5.49 mmol) in DMF was added dropwise over 8 minutes. 
The resulting mixture was stirred at -25 to -30°C for 3 hours, with a few brief 
excursions to -20°C. The DMF solvent was evaporated under vacuum. The residue 
in EtOAc (200 ml) was washed with 10% aqueous K2CO3 (2 x 100 mL) and brine 
(100 mL), dried over MgS04, filtered, and evaporated under vacuum to give a yellow- 

15 brown foam (1.958 g). NMR analysis revealed an 84:9:7 mixture of the 6-bromo, 8- 
bromo, and 6,8-dibromo products. The mixture was crystallized from hot EtOAc- 
hexanes. The crystals were collected, washed with hexanes, and dried under vacuum 
to provide 7-araino-6-bromo-9a-butyl-4-ethyl-l,2,9,9a-tetrahydro-3//-fluoren-3-one 
(1.158 g, 60%) as a pale gold-brown solid. 

20 

Step 5: 7-amino-6-bromo-9a-butvl-4-ethvl-8-nitro-l,2,9,9a-tetrahvdro-3g-fluoren-3- 
one 

A solution of 7-amino-6-bromo-9a-butyl-4-ethyl-l,2,9,9a-tetrahydro- 
25 3H-fluoren-3-one (725 mg, 2 mmol) in txifluoroacetic acid (TFA, 4 ml) was treated 
with 2,3,5,6-tetrabromO"4-methyl-4-nitro-2,5-cyclohexadien-l-one (937 mg, 2 mmol). 
The resulting suspension was sonicated briefly and then stirred at room temperature. 
The mixture was periodically sonicated in order to remove solids from the side of the 
flask. After 3 hours, the mixture was cooled in an ice bath and filtered to remove the 
30 solids, which were washed with cold TFA and dried under vacuum. The dried 
powder (820 mg) was identified as 2,3,5,6-tetrabromo-4-methyI-phenol by NMR 
spectroscopy. The TFA filtrate was diluted with CH2CI2 (50 mL) and carefully 
treated with 10% aqueous K2CO3 (100 mL). The layers were separated and the 
aqueous portion was extracted with more CH2CI2 (2 x 25 mL). The combined 
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CH2CI2 solution was washed with 5% NaHCOs (25 ml) and brine (25 ml), dried over 
MgS04, filtered, and evaporated under vacuum to a dark amber foam. The crude 
product was purified by chromatography on a Biotage 40S column (4.0 x 7.0 cm, KP- 
Sil), loading the sample as a CH2CI2 solution and eluting the product with 9:1 
5 hexanes-EtOAc (20 mL fractions). Fractions 15-28 were combined and evaporated 
under vacuum to afford 7-amino-6-bromo-9a-butyl-4-ethyl-8-mtro-l,2,9,9a- 
tetrahydro-3/f-fluoren-3-one (493 mg, 61%) as a red-orange solid. 

Step 6: 7,8-diamino-9a-b utvI-4-ethvl-1.2,9,9a-tetrahvdro-3g-fluoren-3-one 

10 

A solution of 7-amino-6-bromo-9a-butyl-4-ethyl-8-nitro- 1,2,9,9a- 
• tetrahydro-3H-fluoren-3-one (490 mg, 1.20 mmol) in EtOH (24 mL) and EtOAc (24 
mL) was treated with KOAc (177 mg, 1.80 mmol) and 10% palladium on carbon (70 
mg). The nuxture was stirred under a balloon of hydrogen for 135 minutes. The 
15 mixture was filtered through a celite pad to remove the catalyst which was washed 
withEtOAc. Thefiltrateand washings were evaporated under vacuum. The residue 
in EtOAc (50 mL) was washed with 5% aqueous NaHC03 (25 ml) and brine (25 mL), 
dried over MgS04, filtered, and evaporated under vacuum to afford 7,8-diamdno-9a- 
butyl-4-ethyl-l,2,9,9a-tetrahydro-3/jr-fluoren-3-one (344 mg, 96%) as an orange solid. 

20 

Step 7: (9aS)-7,8-diamino^9a>butvI-4-ethvl-L2.9.9a-tetrahvdro-3if-fluoren-3-one and 
(9aj?)-7.8-diamino- 9a-butvl-4-ethvl-L2.9.9a-tetrahvdro-3H-fluoren-3-^^^ 

The racemic 7,8-diamino-9a-butyl-4-ethyl-l,2,9,9a-tetrahydro-3H- 
25 fluoren-3-one from step 6 was resolved into its individual enantiomers by chiral 
HPLC on a Chiracel OJ column (2.5 x 37.5 cm). The column was eluted with 1:3 
EtOH-heptane at a flow rate of 10 ml7min.. Fifteen 1 mL sample injections of a 20 
mg/mL solution in EtOH were made. The enantiomers were detected by UV at 280 
and 370 nm. Enantiomers A and B had retention times of 15.9 and 18.7 minutes, 
30 respectively. All enantiomer A containing fractions were combined and evaporated 
under vacuum to an orange solid (102 mg, 100% pure by analytical chiral HPLC). 
Similarly, all enantiomer B containing fractions were combined and evaporated under 
vacuum to provide an orange solid (106 mg, 97.5% pure by analytical, chiral HPLC). 



-146- 



wo 02/41835 



PCT/USOl/44010 



Step 8: f9a3^-9a-buM-6-ethvl-8.9.9aJ0-tetrahvdrofluorenori.2->rfiri.2.31tria^^^ 
7(3g)-one and (9a/gV9a-butvl-6-ethvl-8.9,9a,10-tetrahvdrofluorenori.2- 
dirL2,31triazol-7(3JED-one 

5 Enantiomer A of the diamine from step 7 (99 mg, 0.0332) was 

dissolved in EtOH (4.4) and the solution was stirred under a nitrogen atmosphere with 
ice bath cooling. Water (0.084 mL, 4.67 mmol) and cone. HCl (0.340 mL, 4.1 1 
mmol) were added followed by the dropwise addition of aqueous 3M NaN02 (0.443 
mL, 1.33 mmol) over 2 minutes. The resulting mixture was stirred at 0 to 5°C for 40 

10 minutes, and then partitioned between EtOAc (40 mL) and water (25 mL). Hie 
aqueous phase was extracted with more EtOAc (10 mL). The combined organics 
were washed with brine (25 mL), dried over MgS04, filtered, and evaporated under 
vacuum. The residue was lypohilized from benzene (4 ml) to afford enantiomer A 
(100 mg, 97%) of the 9a-butyl-6-ethyl-8,9,9a,10-teti:ahydrofluoreno[1.2- 

15 d][l,2,3]triazol-7(3i0 product as a pale tan, amorphous solid. 

NMR (CDCI3, 500 MHz) 5 0.82 (t, CH2CH2CH2C/f5), 1.18 (t, 6-CH2C//5), L15- 
1.33 (m, CU2CH2CH2CH2). 1.45 and 1.65 (two dt, C/f2CH2CH2CH3), 2.10 and 2.36 
(two ddd, 9-CH2), 2.55 and 2.65 (two ddd, 8-CH21 2.61 and 2.75 (two dq, 6- 
20 CH2CH3), 3.08 and 3.54 (two d, IO-CH2), 7.77 (d, H-A or H-5), and 7.85 (d, H-5 or 
jtf-4); mass spectrum m/z 310.3 (M+1). 

Similarly, enantiomer B of the diamine from step 7 (103.4 mg, 0.347 
mmol) was converted to enantiomer B (102 mg, 95%) of the 9a-butyl-6-ethyl- 
25 8,9,9a,10-tetrahydrofluoreno[l,2-rf|[l,2,3]triazol-7(3fl) product. 

Enantiomer A: [a]^ = - 389 ± 5° (c 0. 104, CHCI3, 20°C). 
Enantiomer B: [a]p = + 402 ± 4° (c 0.123, CHCI3, 20^C). 
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EXAMPLE 42 

SYNTHESIS OF 2-f2.2-DI^ffiTB^m>ROPANOYT.)-9a-ETIm^6-METHYL- 

8.9.9a.l0-TETRAHYDROINDENQr2.1-e1INDAZOL-7f2i=A-ONF 
AND3-r2.2-D1TVnBTHYlJPROPANOYLV9a-EmYL-6-MEnm^8.9.^ 
5 TETRAHYDROINDENOr2.1-g1INDAZOL-7Giy>-ONE 




A mixture of 9a-ethyl-6-methyl-8,9,9a,10-tetrahydroindeno[2,l- 
e]indazol-7(3fl)-one (30 mg, 0.113 mmol). 4-(dimethylaniino)pyridine (21 mg, 0.169 
mmol), trimethylacetyl chloride (0.017 mL, 0.138 mmol), and anhydrous 

10 dichloromethane (0.45 mL) was stirred at room temperature for 2 hours. The mixture 
was purified by preparative layer chromatography on a 0.1 x 20 x 20 cm silica gel GF 
plate, developing with 5% EtOAc in CH2CI2. The product band was extracted with 
EtOAc, the extracts were evaporated under vacuum , and the residue was lyophilized 
from benzene (3 mL) to afford a 55:45 mixture (25.3 mg) of 2-(2,2- 

15 dimethylpropanoyl)-9a-ethyl-6-methyl-8,9,9a,10-tetrahydroindeno[2,l-e]indazol- 
7(2fl>-one and 3-(2,2-dimetiiylpropanoyl)-9a-ethyI-6-methyi-8,9,9a,10- 
tetrahydroindeno[2,l-e]indazol-7(3/0-one as an amorphous white solid. 

2- Pivaloyl isomer ^HNMR (CDClj, 500 MHz) 5 0.86 (t, CH.2CH3X 1.53 and 1.67 
20 (two m, CH2CH2), 1.63 (s, 0(0^5)3), 2.05 and 2.31 (two m, 9-CH2). 2.16 (s, 6-CH3), 

2.51 and 2.61 (two m, S-CH2), 2.84 and 3.13 (two d, 10-Cfl2). 7.60 (d, HA orH-S), 
7.78 (d, H-5 otH-4), and 8.78 (s, H-1). 

3- Pivaloyl isomer NMR (CDCI3, 500 MHz) 6 0.87 (t, CH2Cff3), 1.53 and 1.67 
25 (two m, CH2CH3), 1.58 (s, C(C/?5)3), 2.08 and 2.34 (two m, 9-CH2), 217 (s, 6-CH5), 

2.53 and 2.62 (two m, 8-CH2), 2.93 and 3.28 (two d, 10-Cii2), 7.91 (4 H-4 or H-5), 
8.14 (s, H-1), and 8.44 (d, H-5 or HA). 
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EXAMPLE 43 

RESOLUTION OFRACEMIC 9a-^ETHYL-6-METHYL^8.9.9a,1Q- 
IETRAHYDROIM3ENOr2.1 .g1l]^AZOL-7f3^ BY CHIRAL HPLC 




5 Racemic9a-ethyI-6-me%l-8,9,9a,10-tetrahydroindeno[2a-6]^ 
7(3i?)-one (120 mg) was dissolved in ethanol to a final volume of 2.4 mL. The 
solution was injected in seven portions (0.20, 0.25, 0.30, 0.40, 0.40, 0.40, and 0.55 
niL) onto a Daicel semi-prep ChiralCel OJ column (20 x 250 mm ) which was eluted 
with 85:15 hexane-ethanol at a flow rate of 5 mL/minute. The enantiomers were 

10 detected by UV at 230 nm.. Each run was allowed to proceed until complete elution 
of the two enantiomers prior to the next injection. The pooled fractions from the 
faster eluting component were evaporated under vacuum and die oily residue was 
lyophilized from benzene to afford enantiomer A (44.1 mg) as an amorphous white 
solid. Similarly, the pooled fractions from the slower eluting component were 

1 5 evaporated under vacuum and the oily residue was lyophilized bom benzene to afford 
enantiomer B (43.7 mg) as an amorphous white solid. 

Enantiomer A: [a]^ = + 468^ (c 0.515, CHCI3). 
Enantiomer B: [aj^j = ~ 486° (c 0.487, CHCI3). 

20 
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EXAMPLE 44 

RESOLUTION OF RACEMIC 9a-ETHYL-6-TRIPLUOROMETHYI^8.9^^^^ 
TETRAHYDROINDENOr2.1-g1INDAZOL^7f3ijl-0^ BY CHIRAL HPIX^ 




5 Racemic 9a-e1hyl-6-trifluoromethyl-8,9,9a40-tetrah^^ 

e]indazol-7(3jH)-one (190 mg) was dissolved in ethanol (19 mL). The solution was 
injected in six separate portions onto a Daicel ChiralCel OJ column (2.5 x 37.5 cm) 
colunm which was eluted with 85:15 heptane-ethanol at a flow rate of 7 mL/minute. 
The enantiomeis were detected by UV at 220 and 335 nm.. The pooled fiactions of 

10 the faster elating component (ret. time approx. 25-32 minutes) from the six separate 
runs were evaporated under vacuum and residue was lyophilized from benzene to 
afford Enantiomer A (74.6 mg) as an amorphous white solid. Similarly, the pooled 
fractions from the slower eluting component (ret. time approx. 43-50 minutes) were 
evaporated under vacuum and the residue was lyophilized from benzene to afford 

15 Biantiomer B (60.5 mg) as an amorphous white solid 

Under analytical conditions (4.6 x 50 mm ChiralCel OJ 10 micron 
colmnn, 85:15 heptane-EtOH, 1.5 mUmin., UV 220 nm), Enantiomers A and B had 
retention times of 1.28 and 1.84 minutes, respectively. 
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EXAMPIJE45 

RESOLUnON OF RACEMIC 9a-BUTYI^6-TRIFLUOROMETHYL-8.9.9a,lQ- 
TETRAHYDROINDENOr2 J-g1Il^AZ0L-7Gfl)-0]^ BY CHIRAL HPLC 




5 Racemic 9a-butyl-6-trifluoromethyI-8,9,9a,10-tetrahydroindeno[2.1- 

e]indazol-7(3/i0-one (177 mg) was dissolved in ethanol. The solution was injected in 
six separate portions onto a Daicel ChiralCel OJ column (2.5 x 37.5 cm) column 
which was eluted with 90:10 heptane-ethanol at a flow rate of 7 mL/minute. The 
enantiomers were detected by UV at 220 and 335 nm.. The pooled fractions of the 

10 faster eluting component (ret. time approx. 25-36 minutes) from the six separate runs 
were evaporated under vacuum and residue was lyophilized from benzene to afford 
Enantiomer A (77 mg) as an amorphous white solid. Similarly, the pooled fractions 
from the slower eluting component (ret. time approx. 42-54 minutes) were evaporated 
under vacuum and the residue was lyophilized from benzene to afford Enantiomer B 

15 (76 mg) as an amorphous white solid. 

Under analytical conditions (4.6 x 250 nmi ChiralCel OJ 5 micron 
column, 90:10 heptane-EtOH, 0.75 mlVmin., UV 220 nm), Enantiomers A and B had 
retention times of 13.04 and 18.38 minutes, respectively. 

20 
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EXAMPLE 46 

SYKTHESIS OF fjgAC)^f8g.9aj?V9a-ETHYL-8-HYDROXY~6-METH^ 
TETRAHYDROINDENOr2J>g1INDAZOL-7Gg)>ONE 




5 Step 1: 9a-e thvl-6-methvI-2-ir2-(trimethvlsilvnethoxv1methvI}-8.^ 
tetrahvdroindenor2J-e1indazol-7(2iyi-one and 9a-ethvl-6-methvl-3-( [2- 
(trimethvlsilvnet hoxv1methvll-8,9,9a.l04etrahvdroindenor2>l-g1in^ 

Sodium hydride (87 mg of a 61% dispersion in mineral oil, 2.2 mmol) 
10 is added to an ice-cold solution 9a-ethyl-6-methyl-8,9,9a,10-tetrahydroindeno[2,l- 
<2]indazol-7(3^0-one (533 mg, 2.0 xmnol) in anhydrous dimethylformamide (5 mL). 
The mixture is stirred under a nitrogen atmosphere and cooled in an ice bath while 2- 
(trimethylsilyl)ethoxymethyl chloride (SEM-Cl, 0.43 mL, 2.4 mmol) is added over 
one minute. The resulting mixture is stirred with gradual wanning to room 
15 temperature. After 16.5 hours, the mixture is partitioned between EtOAc (100 mL) 
and water (100 mL). The organic phase is washed with water and brine, dried over 
MgS04, filtered, and concentrated under vacuum. The residue is purified by flash 
chromatography on EM silica gel 60, eluting with hexanes-EtOAc, to afford 9a-ethyl- 
6-methyl-2-{ [2-(trimethylsilyl)ethoxy]methyl }~8,9,9a,10-tetrahydroindeno[2,l- 
20 e]indazol-7(2fl)-one and 9a-ethyl-6-methyl-3-{ [2-(trimethylsilyl)ethoxy]methyl}- 
8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3/0-one. 

Step 2: 9a-ethvl-6 -methvl-3-ir2-ftrimethvlsilvnethoxv1methvn-7- 
r(trimethvlsilvnoxv V3,9.9a.l0>tetrahvdroindenor2J-elindazole 

25 

A 0.4M solution of lithium diisopropylamide (LDA) in tetrahydrofiiran 
(THF) is prepared by dissolving diisopropyl amine (0.56 mL, 4 imnol) in anhydrous 
THF (5 mL), cooling the solution to O^C, adding either L6M (2.5 mL) or 2.5M (1.6 
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mL) butyllithium in hexanes, diluting the resulting solution to 10.0 mL total volume 
with anhydrous THF, and stirring the solution for at least 30 minutes at 0°C. 

A solution of 9a-ethyl-6-methyl-3-{[2-(trimethylsilyl)ethoxy]methyl}- 
8,9,9a,10-tetrahydroindeno[2,l-e3indazol-7(3fl)-one (79 mg, 0.20 mmol) in 
5 anhydrous THF (1 mL) is cooled in an ice bath and stirred under a nitrogen 

atmosphere while 0,4M LDA in THF (0.75 mL, 0.30 mmol) is added by syringe. 
After stirring at 0°C for 30 minutes, the solution is cooled to -78°C (dry ice>acetone 
bath) and treated with chlorotrimethylsilane (0.038 mL, 0.30 nomol). The resulting 
mixture is allowed to slowly warm to room temperature, and then stirred at room 
10 temperature overnight. The mixture is diluted with EtOAc (50 mL) and shaken witii 
5% aqueous NaHC03 (25 mL). The aqueous phase is separated and extracted with 
more EtOAc (20 mL). The combined organics are washed with saturated brine, dried 
over MgS04, filtered, and concentrated under vacuum to afford crude 9a-ethyl-6- 

metiiyl-3-{[2-(trimethylsilyl)etiioxy]methyl}-7-[(trimethylsilyl)oxy]-3,9,9a,10- 
15 tetrahydroindeno[2,l-g]indazole. 

Step 3: (rflc)-(8^.9aRV9a-etiivl-8~hvdroxv-6-methvl-3-(r2- 
ftrimethvlsilvnetiioxv1met hvlK8,9.9aAQ-tetrahvdrQindenor2J--glindazol-7Gffl^^ 

20 A solution of the crude trimethylsilylenolether from step 2 (approx. 0.2 

nnmol) in anhydrous dichloromethane (2 mL) is treated with sodium bicarbonate (25 
mg, 0.3 nmiol). The mixture is placed under a nitrogen atmosphere, stirred at room 
temperature, and treated over two minutes with three portions of 96% 3- 
chloroperoxybenzoic acid (3 x 15 mg, 0.25 mmol), purging with nitrogen after each 

25 addition. After stirring overnight at room temperature, the mixture is diluted witii 
CH2CI2 (2 mL), treated with saturated aqueous Na2S03 (2 mL), and stirred at room 
temperature for 25 minutes. The mixture is partitioned between CH2CI2 (20 mL) and 
water (5 mL), and the aqueous portion is back-extracted with more CH2CI2 (5 mL). 
The combined organics are washed with water and brine, dried over MgS04, filtered, 

30 and concentrated under vacuum.. Tlie residue is purified by preparative layer 

chromatography on a 0.1 x 20 x 20 cm silica gel GF plates using 4:1 hexanes-EtOAc 
as the developing solvent The UV visible band product band is extracted with 
EtOAc and the extracts are evaporated under vacuum to afford (rac)-(8S,9a/?)-9a- 
etiiyl-8-hydn>xy-^methyl-3-{[2-(trimethylsilyI)ethoxy]metiiyl}-8,9,9a,10- 

35 tetrahydroindeno[2, l-e]indazol-7(3/0-one. 
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Step 4: (rflcW8.S,9a/g)-9a-^thvl-8-hvdroxv-^-methvl-8>9.9aJ04etrahvdro^ 
e1indazol-7f3fl>-one 

5 A solution of (rac)-(85,9a7?)-9a-ethyl-8-hydroxy-6-methyl-3-{ [2- 

(trimethylsilyl)ethoxy]methyl}-8,9,9a404etrahydroindeno[24-e]indazol-7^^ 
(58 mg, 0.14 mmol) in anhydrous tetrahydrofuran (1.2 mL) is treated with 
tetrabutylanunonium fluoride (0.17 mL of a l.OM solution in tetrahydrofuran, 0.17 
nunol). The resulting solution is placed under a nitrogen atmosphere, stirred, and 

10 heated in an oil bath at 60°C for 16 hours. After cooling, the reaction mixture is 
* partitioned between EtOAc (50 mL) and aqueous IN HCl (50 mL). The organic 
phase is washed with aqueous 5% NaHCOs (50 mL), water (50 mL), and brine (50 
mL), dried over MgS04, filtered, and concentrated under vacuum. The residue is 
purified by preparative layer chromatography on a 0.1 x 20 x 20 cm silica gel GF 

15 plates using 5% MeOH in CH2CI2 as the developing solvent. The UV visible band 
product band is extracted with 10% MeOH in CH2CI2 and the extracts are evaporated 
under vacuum to afford (rac)-(85,9a/?)-9a"ethyl-8-hydroxy-6-methyl-8,9,9a,10- 
tetrahydroindeno[2,l-e]indazol-7(3/0-one. 



EXAMPLE 47 

SYNTHESIS OF fj?An-f8^,9a5>-9a-ETHYL-6.8-DIMETEIYL-8.9.9a,10- 
TETRAHYDROINIDENOr2,l>glINDAZOL-7Gfn-ONE 




25 Stm 1: fracV f85,9a5)-9a-ethvl-6.8-dimethvl-3-(r2-ftrimethvlsilvnetho^^^ 
8.9,9a.l0-tetrahvdroindenor2.1-glinda2ol-7f3g)-one 

A solution of 9a-ethyl-3-{[2-(trimethylsilyl)ethoxy]methyl}-8.9,9a,10- 
tetrahydroindeno[2,l-e]inda2ol-7(3/0-one (79 mg, 0.2 mmol) in anhydrous 
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tetrahydrofuran (1 mL) is cooled in an ice bath and stirred under a nitrogen 
atmosphere while 0.4M lithium diisopropylanaide in tetrahydrofuran (0.6 mL, 0.24 
mmol) is added by syringe. After stirring at 0°C for 30 minutes, the solution is cooled 
to -78°C (dry ice-acetone bath) and treated with iodomethane (0.062 mL, 1 mmol). 
5 The resulting mixture is allowed to slowly warm to room temperature, and then stirred 
at room temperature overnight. The mixture is diluted with EtOAc (25 mL) and 
shaken with saturated aqueous NH4CI (15 mL). The aqueous phase is extracted with 
more EtOAc (10 mL). The combined organics are washed with 5% NaHC03, water, 
and saturated brine, dried over MgS04, filtered, and concentrated under vacuum. The 
10 residue is purified by preparative layer chromatography on a 0. 1 x 20 x 20 cm silica 
gel GF plate using 4:1 hexanes-EtOAc as developing solvent. The UV visible product 
band is extracted with EtOAc and the extracts are evaporated imder vacuum to 
provide (rac>(85,9aS)-9a-ethyl-6,8-dimethyl-3-{ [2-(trimethylsilyl)ethoxy]methyl}- 
8,9,9a.l0-tetrahydroindeno[2,l-e]indazol-7(3f0-one. 

15 

Step 2: fmcV(8^.9aj ?V9a-ethvl-6.8-dimethvl-8.9,9a.l0-tetrahvdroindenor2.1- 
g1indazol-7(3/in-one 

A mixture of (rac)-(85,9a5)-9a-ethyl-6,8-dimethyl-3-{[2- 
20 (trimethylsilyl)ethoxy]methyl}-8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3^-one 
(30 mg, 0.073 mmol), methanol (0.5 mL) and aqueous 6N HCl (0.5 ml) is stirred and 
heated in an oil bath at 80^C for one hour. After cooling, the mixture is partitioned 
between EtOAc (20 mL) and aqueous 5% NaHCOs (5 mL). The organic phase is 
washed with brine, dried over MgS04, filtered, and evaporated under vacuum. TTie 
25 residue is purified by preparative layer chromatography on a 0.05 x 20 x 20 cm silica 
gel GF plate, developing with 5% MeOH in CH2CI2. The UV visible product band is 
extracted with 10% MeOH in CH2CI2 and the extracts are evaporated under vacuum 
to provide (rac)-(85,9aiS)-9a-ethyI-6,8-dimethyl-8,9,9a,10-tetrahydroindeno[2,l- 
e]indazol-7(3/0-one. 

30 
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EXAMPLE 48 

SYNTHESIS OF (j?AO>(85.9a/?V9a-ETHYI^,8^DIMEnm^8>^^ 
8>9,9al0-TETRAHYDROINDENQr21^g1INDAZOL-7f3fl^ 



HN 

5 Step 1: fmc)-f8^,9aj?)-9a^thvl-6,8-diinethvl-8-propvl-3Wr2- 
(trimethvlsnvDethoxv1methvU>8.9 ,9aJ0-teti^vdroindenor2^ 

A solution of (rac)-(85,9a5)-9a-ethyl-6,8-dimethyI-3-{[2- 
(trimethylsilyl)ethoxy]methyl}-8,9,9aa0-tetrahydroindeno[2^ 

10 (41 mg, 0.2 mmol) in anhydrous tetrahydrofuran (0.5 mL) is cooled in an ice bath and 
stiired under a nitrogen atmosphere while 0.4M lithium diisopropylamide in 
tetrahydrofuran (0.3 mL, 0.12 nmiol) is added by syringe. After stirring at 0°C for 30 
minutes, the solution is cooled to -TB'^C (dry ice-acetone bath) and treated with 1- 
iodopropane (0.049 mL, 0.5 mmol). The resulting mixture is allowed to slowly warm 

15 to room temperature, and then stirred at room temperature overnight. The mixture is 
diluted with EtOAc (10 mL) and shaken with saturated aqueous NH4CI (5 mL). The 
aqueous phase is extracted with more EtOAc (5 mL). The combined organics are 
washed with 5% NaHC03, water, and saturated brine, dried over MgS04, filtered, and 
concentrated under vacuum. The residue is purified by preparative layer 

20 chromatography on a 0.1 x 20 x 20 cm silica gel GF plate using 5:1 hexanes-EtOAc as 
developing solvent. The UV visible product band is extracted with EtOAc and the 
extracts are evaporated under vacuum to provide (r^2c)-(8.S',9a/?)-9a-ethyl-6,8- 
dimethyl-8-propyl-3-{[2-(trimethylsilyl)ethoxy]methyl}-8,9,9a,10- 
tetrahydroindeno[2,l-e]indazol-7(3i?)-one. 

25 

Step 2: fmcVf8^.9a/ ?V9a-ethvI-6, R -dimethvl-8-propvl-8,9,9a.l0- 
tetrahvdroindenor2,l-^1inda2ol-7f3//) -nnft 
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A mixture of (rac)-(85',9aR>9a-ethyl-6,8-dimelhyl-8-pTopyl-3-{ [2- 
(trimethylsilyl)ethoxy]methyI}-8,9,9a,10-tetrahydroindeno[24-e]mdazol-7(^^ 
(21 mg, 0.046 mmol), methanol (0.3 mL) and aqueous 6N HQ (0.3 ml) is stilted and 
heated in an oil bath at 80°C for one hour. After cooling, the mixture is partitioned 
5 between EtOAc (10 mL) and aqueous 5% NaHC03 (3 mL). The organic phase is 
washed with brine, dried over MgS04, filtered, and evaporated under vacuum. The 
residue is purified by preparative layer chromatography on a 0.05 x 20 x 20 cm silica 
gel GF plate, developing with 5% MeOH in CH2CI2. The UV visible product band is 
extracted with 10% MeOH in CH2CI2 and the extracts are evaporated under vacuum 
10 to provide (rac)-(85,9a/?)-9a-ethyl-6,8-dimethyl-8-propyl-8,9,9a,10- 
tetrahydroindeno[2,l-g]indazol-7(3ia)-one. 



EXAMPUE49 

SYNTHESIS OF fjgACW8/?.10jg.lOa5V6-ETHYI^10-PRQPYL-3.9.10.11- 
TETRAHYD RO-8.10a-MErHANOA2IJLENOr2.1-glINDA2OL-7(8HVONF. 




Step 1: 9a-f2-aceto xvethvn-7-amino-4-ethvl-8-methvl-1.2.9.9a-tetrahvdro-3ff- 
fluoien-3-one 

20 

A solution of 5-(acetylaniino)-2-(2-hydroxyethyl)-4-methyl-l-indanone 
(7 g, 28.3 mmol) in MeOH (100 mL) was treated with NaOMe (0.5M solution in 
MeOH, 11.3 mL, 5.66 mmol) and propyl vinyl ketone (3.33 g, 34 mmol). The 
resulting solution was stirred at 60"*C and under a nitrogen atmosphere for 8 hours. 
25 The mixture was diluted with CH2CI2, filtered through a pad of silica ^1, and the 
filtrate was evaporated under vacuum to provide crude 5-(acetylamino)-2-(2- 
hy<toxyethyl)-4-methyl-2-(3-oxohexyl>I-indanone. 

The diketone from above was treated with saxUdc acid (50 mL) and 6N 
HCl (50 mL). The resulting solution was stirred and heated in an oil bath at 100''C for 
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1.5 hours. After cooling to room temperature, the mixture was diluted with CH2CI2 
and neutralized with NaHCOa, filtered through a pad of silica gel and the product was 
washed off wifli 7:3 dichloromethane-methanol. The filtrate and washings were 
concentrated under vacuum. The residue was purified by flash chromatography on a 
5 Biotage 40M KP-Sil column, eluting with 3:1 -1:1 hexane-ethyl acetate. The product 
containing fractions were evaporated under vacuum to provide 9a-(2-acetoxyethyl)-7- 
amino-4-etiiyl-8-methyl-l,2,9,9a-tetrahydro-3H-fluoren-3-one (1 g) as a yellow solid. 

Step 2: 9a-(2-acetoxvethvl'>-6-eth vl-8.9.9a.lO-tetrahvdroindenor2.1-g]indazol-7nW)- 
10 one 

A solution of 9a-(2-acetoxyethyI)-7-amino-4-e%l-8-methyl-l,2,9,9a- 
tetrahydro-3ff-fluoren-3-one (0.36 g, 1.1 mmol) in anhydrous CH2CI2 (11 mL) was 
purged with N2, cooled in an dry ice bath, and treated with NOBF4 (0.129 g, 1.1 
mmol). The mixture was warmed to -10°C ova: 40 minutes. 

15 The diazonium salt from above in CH2a2 was cooled to -78°C and 

treated with KOAc (216 mg, 2.2 mmol) and dibenzo-18-crown-6 (19.8 mg, 0.055 
mmol). The resulting solution was slowly wanned to room temperature over 40 min. 
The mixture was filtered through a pad of silica gel and the product was washed off 
with 9:1 dichloromethane-methanol. The filtrate was concentrated under vacuum to a 

20 residue that was purified by preparative layer chromatography (0.1 x 20 x 20 cm silica 
gel GF plate developed with 12:1 CH2Cl2-MeOH. The product band was eluted with 
1:2 hexane-ethyl acetate and the eluant evaporated under vacuum to afford 9a-(2- 

acetoxyethyl)-6-ethyl-8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3fl)-one (223 mg) 
as an orange foam. 

25 

Step 3: 6-ethvl-9a-r 2-hvdroxvethvn-2-(methoxvmethvlV8.9.9a.lQ- 
tetrahvdi:oindennr2 1-glindazol-7(3/n-one and 6-ethvI-9a-f2-hvdroxvethvn-^- 
(methoxvmethvn-R. 9.9a.lO-tetrahvdroindenor2.1-elindazol-7(3jy>-one 

30 A solution of 9a-(2-acetoxyethyl)-6-ethyl-8,9,9a,10- 

tetrahydroindeno[2,l-e]indazol-7(3ii)-one (0.041 g, 0.121 mmol) in anhydrous 
CH2CI2 (1 mL) was purged with N2 and treated with MA^-diisopropylethylamine 
(0.084 mL, 0.484 mmol) followed by chloromethyl methyl ether (0.027 mL, 0.363 
mmol). After stirring for 5 minutes, the mixture was diluted MeOH (1 mL) and 
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treated with NaOMe (L5 mL of a 0.5M solution in MeOH, 0.75 mmol). After stirring 
30 minutes, the mixture was further diluted with CH2CI2 (20 mL), treated with sat. 
NH4CI (0.5 mL), dried over MgS04, filtered through a pad of silica, and the filtrate 
concentrated under vacuum. The residue was purified by preparative layer 

5 chromatography (0.1 x 20 x 20 cm silica gel GF plate developed with EtOAc). The 
product bands were eluted with EtOAc and the eluants evaporated under vacuum to 
provide 6-ethyl-9a-(2-hydroxyethyl)"2-(methoxymethyl)-8,9,9a,10- 
tetrahydroindeno[2,l-e]indazol-7(3//)-one and 6-ethyl-9a-(2-hydroxyethyl)-3- 
(methoxymethyl)-8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3/3)-one (two 

10 regioisomers, 5 and 16 mg each) as pale yellow foams. 

Step 4: 6-ethvl-3-(methoxvmethvlV9a-^2-oxoethvlV8,9.9a.l0-tetrahvdroinden^ 
g1inda2ol-7f3fll-one 

15 A solution of 6-ethyl-9a-(2-hydK)xyethyl)-2-(methoxymethyl)- 

8,9,9a, 10-tetrahydroindeno[2,l-e]indazol-7(3fl)-one (0.012 g, 0.035 mmol) in 
anhydrous CH2CI2 (1 mL) was purged with N2 and treated successively with 4- 
methylmorpholine //-oxide (0.0062 mL, 0.053mmol), 3 A molecular sieves, and 
tetrapropylammonium perruthenate (0.0012 mg,.0.0035 mmol). After stirring for one 

20 hour, the mixture was filtered through a pad of silica and the filtrate was concentrated 
under vacuum. The residue was purified by preparative layer chromatography (0.1 x 
20 X 20 cm silica gel GF plate developed with 2:3 hexane- EtOAc), The product band 
was eluted with EtOAc and the eluant evaporated under vacuum to afford 6-ethyl-3- 
(methoxymethyl)-9a-(2K)Xoethyl)-8,9,9a,10'tetrahydroindeno[2,l-e]indazol-7(3£^ 

25 one (8 mg) as an pale yellow foam. 

Step 5: 6-ethvl-9a>(l-formvl-3-butenvn-3-fmethoxvmethvl)-8.9.9a.l0- 
tetrahvdroindenor2.1-glindazol-7f3/n-one 

30 A solution of 6-ethyl-3-(methoxymethyl)-9a-(2-oxoethyl)-8,9,9a,10- 

tetrahydroindeno[2,l-e]indazol-7(3i?)-one (0.200 g, 0.59 mmol) in anhydrous 
tetrahydrofuran (3 mL) at room temperature is purged with N2 and treated with 
Pd(OAc)2 (13.2 mg, 0.059mmol), PPha (30 mg, 0.118 mmol), LiCl (30 mg, 0.71 
nunol), allyl alcohol ( 0.048 mL, 0.71 nunol), EtsB (l.OM solution in THF, 1.42 mL, 
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1.42 mmol), and EtsN (0.099 mL, 0.71 ramol). After stirring for 48h, the mixture is 
filtered through a pad of Celite and the filtrate is concentrate under vacuum. The 
residue is purified by preparative layer chromatography (two 0.1 x 20 x 20 cm silica 
gel GF plates developed with 1:1 hexane- EtOAc). The product band is eluted with 
5 EtOAc and the eluant is evaporated under vacuum to provide 6-ethyl-9a-(l-formyl-3- 
butenyl)-3Kmethoxymethyl)-8,9,9aa0-tetrahydroindeno[2J-e]inda2ol-7(3^0^^ 

Step 6: 6-ethvl-9a41--(Tiv droxvmethvn-3-butenvlV3-(methoxvmethvD-8.9.9a.lO> 
tetrahvdroindenof2J>glindazol-7(3g)-Qne 

10 

A solution of 6-ethyl-9a-(l-formyl-3-butenyl)-3-(methoxymethyl)- 
8,9,9a.l0-tetrahydroindeno[2,l"e]indazol-7(3i?)-one (0.100 g, 0.264 mmol) in 2- 
propanol (2 mL) at -78°C is purged with N2 and treated with NaBHU (10 mg, 0.264 
mmol). After stirring for one hour, the mixture is treated with sat. NH4CI (0.5 mL), 
15 dried over MgS04 , filtered through a pad of silica, and concentrated under vacuum. 
The residue is purified by preparative layer chromatography (0.1 x 20 x 20 cm silica 
gel GF plate developed with 1:3 hexane- EtOAc). The product band is eluted with 
EtOAc and the eluant evaporated under vacuum to provide 6-ethyl-9a-[l- 

(hydroxymethyl)-3-butenyl]-3-(methoxymethyl)-8,9,9a,10-tetrahydroindeno[2J 
20 e]inda2ol-7(3ir)-one. 

Step 7: 6-ethvl'9a-( l-rfmethvl suIfonvloxv>methvll-3-butenvl K3-fmethoxvmethvlV 
8,9,9a, 10-tetrahvdToindenor2. 1 -g1inda2ol-7r3ir>-one 

25 A solution of 6-ethyl-9a-[l-(hydroxymethyl).3-butenyl]-3- 

(methoxymethyl)-8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3/0-one (0.080 g, 0.21 
mmol) in anhydrous CH2CI2 (1 mL) is purged with N2 and treated with Et^N (0.058 
mL, 0.42 mmol) followed by methanesulfonyl chloride (0.024 mL, 0.315 mmol). 
After stirring for two hours, the mixture is purified by preparative layer 

30 chromatography (0.1 x 20 x 20 cm silica gel GF plate developed with 2:3 hexanes- 
EtOAc). The product band is eluted with EtOAc and the eluant evaporates under 
vacuum to afford 6-ethyl-9a-{ l-[(methylsulfonyloxy)methyl]-3-butenyl}.3- 
(methoxymethyl)-8,9,9a,10-tetrahydroindeno[2,l"e]indazol-7(3^0-one. 
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Step 8: fracVf8j?.10 ;gJ0a5)-10-aUvl-6-ethvl-3-fmethoxvmethvn 
tetrahvdro-8,10a-methanoazulenor2.1-g1indazol-7f8f/Vone 

A solution of 6-ethyl-9a-{ l-[(methylsulfonyloxy)inethyl]-3-butenyl}- 
5 3-(methoxymethyl)-8,9,9aJ0-tetrahydromdeno[2a-e]indazoI-7(3i?^ (88 mg, 0.20 
mmol) in toluene (1 mL) is treated with l,8-diazabicyclo[5.4.0]undec-7-ene (0.020 
mL). The resulting mixture is placed under a N2 atmosphere and stirred with heating 
in an oil bath at 90X for six hours to afford crude (racH81?,10i?,10a5)-10-allyl-6- 
ethyl-3-(methoxymethyl)-3,940Jl"tetrahydro-840a-methanoazuleno[24-^]i 
10 7(8fl)-one. After cooling to room temperature, the reaction mixture is used as 
described in the next step. 

Step 9: frfl^Vf8j?J0 /?J0a5^-6-ethvl-10-propvl-3.9J0,ll-tetrahvdro-8.1Qa^ 
methanoazulenQr2,l-g1indazol-7f8fll-one 

15 

The reaction mixture from step 8 is diluted with MeOH (2 mL) and 
treated with 10% Pd/C (10 mg). After stirring at room temperature under hydrogen 
for 20 hours, the mixture is further treated with 2N HCI (1 mL) and stirred with 
heating in an oil bath at SO^'C for one hour. After cooling to room temperature, the 

20 mixture is diluted with CH2CI2, neutralized with NaHCOs, filtered through a pad of 
silica gel, and concentrated under vacuum. The residue is purified by preparative 
. layer chromatography (0. 1 x 20 x 20 cm silica gel GF plate developed with 1 : 1 
hexanes-EtOAc). The product band is eluted with EtOAc and the eluant is evaporated 
under vacuum to afford (rac)-(82?,10i?,10a5)-6-ethyM0-propyl-3,9,10,ll-tetrahydro- 

25 8,10a-methanoazuleno[2,l-e]indazol-7(8/0-one. 
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EXAMPLES 50-95 

The following compounds were prepared using methods analogous to 
those described in the preceding examples: 

5 




50 


R3 = CH3 

R9 = CH2CH2CH3 


6-methyl-9a-propyl-8,9,9a,10-tetrahydroindeno[2,l- 
e]indol-7(3fl)-one 


IHNMR (CDCI3, 500 MHz) 5 0.81 (t, CH2CH2Cff5), 1.27 (m. CH2Cfl2CH3), 1.46 
and 1.62 (two dt, Ci?2CH2CH3), 2.07 and 2.30 (two ddd, 9-CH2), 2.16 (s, 6-CH3), 
2.50 and 2.64 (two ddd, 8-Cfr2). 2.91 and 3.24 (two d, IO-CH2). 6.58 (m, ff-1), 7.28 
(dd, H-2). 7.37 (d, H-4), and 7.63 (d, H-5). 



10 




51 


R3 = CH3 
R9 = CH2CH3 


9a-ethyl^fluoro-6-methyl-8,9,9a,10- 
tetrahydroindeno[2,l-e]indol-7(3£0-one 


IH NMR (CDCI3. 500 MHz) 5 0.87 (t, CH.2CH3), 1.53 and 1.67 (two dq, CH2CH3), 
2.05 and 2.30 (two ddd, 9-CH2), 2.13 (s, 6-CH3), 2.50 and 2.61 (two ddd, 8-CH2), 
2.83 and 3.18 (two d, 10-Cif2). 6.60 (ddd, H-1), 7.30 (dd. H-2), 7.34 (d, H-5), and 
8.61 (br s, NH). 
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52 



R3 = CH2CH3 

R9=:CH2CH3 



6,9a-diethyl-4-fluoro-8,9,9a, 10- 
tetrahydroindeDo[2,l-g]indol-7(3fl)-one 



IH NMR (CDCI3, 500 MHz) 6 0.85 (t, Pa-CHiCFj), 1.15 (t, 6-CH2CH3), 1.54 and 
1.66 (two dq, 9a-CH2CH3), 2.04 and 2.28 (two ddd, 9-CH2), 2.48 and 2.59 (two ddd, 
8-CH2), 2.56 and 2.70 (two dq, d-CHzCH^), 2.82 and 3.16 (two d, IO-CH2), 6.60 
(ddd. H-l), 7.28 (d, H-5), 7.30 (dd, H-2), and 8.78 (br s, Nfl); mass spectrum m/z 
298.2 (M+1). 



53 


R3 = C3l3 

R9 = CH2CH2CH2CH3 


9a-butyl-4-fluoro-6-methyl-8,9,9a,10- 
tetrahydroindeno[2, l-e]indol-7(3/0-one 


IH NMR (CI>Cl3, 500 MHz) 5 0.82 (t. CH2CH2CH2C/f5), 1.15-1.29 (m, 
CH.2CH2CH2CR3), 1.43 and 1.63 (two m, Cfl2CH2CH2CH3), 2.05 and 2.29 (two 
ddd, 9-Ciy2), 2.13 (s, 6-CHs), 2.49 and 2.59 (two ddd, 8-0^2), 2.84 and 3.18 (two d, 
10-Cff2). 6.60 (ddd, H-l), 7.31 (dd, H-2), 7.33 (d, H-5), and 8.56 (br s, Nfl). 



54 



R3 = CH2CH3 

R9 = CH2CH2CH2CH3 



9a-butyl-6-ethyI-4-fluoro-8,9,9a, 10- 
tetrahydroindeno[2, l-e]indol-7(3.H)-one 



IH NMR (CDCI3, 500 MHz) 5 0.82 (t, ^2^2^20/^5), 1.15 (t, 6-CH2C^f,), 1.17- 
1.31 (m, CH2CH2Ciy2CH3), 1.44 and 1.62 (two m, Cff2CH2CH2CH3), 2.03 and 2.28 
(two ddd, 9-CH2). 2.47 and 2.60 (two ddd, 8-CH2). 2.56 and 2.69 (two dq, 6- 
C/72CH3), 2.83 and 3.16 (two d, lO-Cflz), 6.60 (ddd, H-l), 7.28 (d, H-5), 7.30 (dd, H- 
2),and8.66(brs,NH). 
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55 


R3 = CH3 
R9 = CH3 


6,9a-dimethyl-8,9,9a.l0-tetrahydroindeno[2,l- 
e]inda2ol-7(3fl)-one 


IH NMR (CDCI3. 500 MHz) 5 1.30 (s, Pa-Cffj), 2.15 (s, 6-CH3), 2.20 (m. 9-CH2). 
2.58 and 2.73 (two ddd, S-CHz), 3.12 (ABq, lO-Cfl^), 7.49 (d. HA), 7.84 (d, H-5), 
and 8.15 (br s, H-1); mass spectrum m/z 253.1 (M+1). 



56 


R3 = Br 
R9 = CH3 


6-bromo-9a-methyl-8,9,9a,10-tetrahydioindeno[2,l- 
e]indazol-7(3i0-one 


iH NMR (CDCI3, 500 MHz) 5 1.38 (s. 9a-CHj), 2.22 and 2.30 (two ddd, 9-CH2), 
2.82 and 2.88 (two ddd, S-CHz), 3.20 (s, 10-Ci72), 7.52 (d. H-4), 8.15 (s, H-1), and 
8.64 (d, H-5) ; mass spectrum m/z 317.0 (M+1), 319.0(M+3). 



57 


R3 = H 

R9 = CH2CH3 


9a-ethyl-8,9,9a,10-tetrahydroindeno[2,l-g]indazol- 
7(3fl)-one 


IH NMR (CDCI3, 500 MHz) 5 0.91 (t, CII2CH3), 1.62 and 1.75 (two m, Cfl2CH3), 
2.07 and 2.39 (two ddd, 9-CH2), 2.50 and 2.61 (two ddd, 8-CH2), 2.94 and 3.33 (two 
d. 10-Cfl2), 6.24 (s, H-6). 7.46 (d, H-4), 7.57 (d, H-5), and 8.12 (s, H-l). 



58 



R3 = CH(CH3)2 
R9 = CH2CH3 



9a-ethy]-6-isopropy]-8,9,9a, 1 0- 
tetrahydroindeno[2, l-e]indazol-7(3fl)-one 



IH NMR (CDCI3, 500 MHz) 6 0.82 (t, CH2CH5), 1.22 and 1.48 (two d, CH(Cflj)2), 
1.45 and 1.60 (two m, Cfl2CH3), 2.04 and 2.25 (two m, 9-CH2), 2-44 and 2.52 (two 
m, 8-CH2). 2.96 and 3.23 (two d, IO.CH2), 3.30 (m, €^(^3)2), 7.44 (d, H-4), 7.71 
(d,ff-5), and 8.12 (s,ff-l). 
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59 


R3 = CH2CH2CH2CH3 
R9 = CH2CH3 


6-butyl-9a-ethyl-8,9,9a,10-tetrahydioindeno(2,l- 

«]indazol-7(3/7)-one 


IH NMR (CDCI3, 500 MHz) 5 0.86 and 0.96 (two t, CHjCHj and 
CH2CH2CH2CH3), 1.23-1.59 (m. Ca2CH2CH2CH2), 1.46 and 1.67 (two m, 
C/fjCHa), 2.05 and 2.31 (two m. 9-CH2), 2.45-2.73 (m, 8-CH2 and 
CJy2CH2CH2CH3), 2.93 and 3.26 (two d, lO-Ci?^). 7.46 (d, H-4). 7.72 (d, H-5), and 
8.12(s,f^-l). 




60 


R3 = OCH3 
R9 = CH2CH3 


9a-ethyl-6-methoxy-8,9,9a,10-tetrahydroindeno[2,l- 
e3indazol-7(3iy)-one 


iHhMR (CDCI3, 500 MHz) 6 0.89 (t, CH2CH5), 1.63 and 1.73 (two m, Cif2CH3), 
2.09 and 2.30 (two ddd, 9-CH2), 2.58 and 2.67 (two ddd, S-CH2), 2-97 and 3.30 (two 
d, IO-CH2), 3.78 (s, OCH3), 7.48 (d, HA), 8.05 (d, H-5), and 8.11 (s, H-l). 




R3 = CH^ 





61 



R9 = CH2CH2CH3 



e]indazol-7(3/i)-one 



IH NMR (DMSO-de, 500 MHz) 6 0.75 (t, CH2CH2C/^5), 1.12 and 1.21 (two m, 
CH2CH2CH3), 1.33 and 1.56 (two dt, C/?2CH2CH3), 2.02 and 2.21 (two ddd. 9- 
CH2), 2.03 (s, 6-CH3), 2.34 and 2.57 (two ddd, 8-CH2). 2.92 and 3.27 (two d, 10- 
CH2), 7.51 (d, H-4), 7.75 (d, H-S), 8.19 (s, H-l), and 13.34 (br s, IfH). 



62 



R3=Br 

R9 = CH2CH2CH3 



6-bromo-9a-propyl-8,9,9a,10-tetrahydroindeno[2,l- 
g]indazol-7(3i30-one ; 



IHNMR (DMSO-Jg. 500 MHz) 6 0.76 (t. CH2CH2Ci?j). 1.10 and 1.21 (two m, 
CH2CH2CH2), 1.42 and 1.64 (two dt, C/?2CH2CH3), 2.15 and 2.23 (two ddd, 9- 
CH2), 2.59 and 2.81 (two ddd, S-CH2), 3 05 and 3.36 (two d, IO-CH2), 7-58 (d, H-4), 
8.27 (s, H-l), 8.45 (d, H-5), and 13.49 (br s, N^O- 
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63 



R3 = CN 

R9 = CH2CH2CH3 



6-cyano-9a-propyl-8^,9a,10-tetrahydroindeno[2,l- 
e]mdazol-7(3fl)-one 



IH NMR (DMSO-^6, 500 MEJz) 6 0.78 (t, CH2CH2CH3), 1.10 and 1.24 (two m, 
CH2C//2CH3). 1.39 and 1.69 (two dt, C//2CH2CH3), 2.14 and 2.26 (two m, 9-CH2), 
2.47 and 2.69 (two m, 8-Ci32), 3.05 and 3.44 (two d, lO-Cffj), 7.69 (d, fl-4), 8.15 (d, 
H-5), and 8.33 (s.^T-l). 



64 



R3 = CH2CH3 

R9 = CH2CH2CH2CH3 



9a-buty]-6-ethyl-8,9,9a,10-tetrahydroindeno[2,l- 
e]indazoI-7(3fl)-one 



IH NMR (CDCI3, 500 MHz) 6 0.82 (t, CH2CH2CH2C^5), 1.16 (t, 6-CH2CH3), 1.18- 
1.31 (m, CH2Cff2C//2CH3). 1-44 and 1.64 (two m, C/f2CH2CH2CH3), 2.06 and 2.32 
(two ddd, 9-CH2), 2.51 and 2.62 (two ddd, 8-CH2), 2.59 and 2.73 (two dq, 6- 
CHzCHs), 2.96 and 3.28 (two d, IO-CH2), 7.51 (d, HA), 7.79 (d, H-5) and 8.16 (s, H- 
1); mass spectrum m/z 309.4 (M+1). 



65 



R3 = CH3 

R9 = CH2CH2C(CH3)3 



9a-(33-dimethyIbutyl)-6-methyl-8,9,9a,10- 
tetrahydromdeno[2, l-e]indazol-7(3fl)-one 



IH NMR (CDCI3, 500 MHz) 5 0.79 (s, CiCHs)^), 1.19. 1.27, 1.35, and 1.61 (four dt, 
Cfl2Ciy2C(CH3)3), 2.04 and 2.32 (two ddd, 9-Ciy2). 2.16 (s. 6-CH3), 2.51 and 2.59 
(two ddd, 8-Cff2). 2.92 and 3.25 (two d, IO-CH2). 7.47 (d, ^^4), 7.83 (d, ^-5), and 
8.12(s,i?-l). 
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66 


R7 = OCH3 
R8 = H 


(mc)-(9a/?,102?)-9a-etiiyl-10-methoxy-6-methyl- 
8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3fl)-one 


iH NMR (CDCI3, 500 MHz) 5 0.92 (t, CH2CH3), 1.35 and 1.75 (two m, Ci/2CH3), 
2.08 and 2.50 (two ddd, 9-CH2), 2.17 (s, 6-CH3), 2.59 and 2.64 (two ddd, 8-0^2), 
3.54 (s, OCH3), 4.66 (s, H-iO), 7.58 (d, HA), 7.84 (d, H-5), 8.21 (s, H-1), and 10.37 
(brs,Nfl). 



67 


R7=NH2 


(rac)-(9a/?,10i?)-10-aimno-9a-ethyl-6-methyl- 




R8=H 


8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3/f)-one 



IHNMR (CDCJ3, 500 MHz) 5 0.91 (t, CHzC^^j), 1.42 and 1.75 (two m, C^?2CH3), 
2.04 and 2.32 (two ddd, 9-0^^2), 2.17 (s, 6-CH3), 2.61 and 2.67 (two ddd, S-CH2), 
4.44 (s, H-IO), 7.52 (dd, H-4), 7.81 (d. H-5), and 8.27 (d, H-1); mass spectrum m/z 
265.1 (M+I-NH3). 



68 


R7 = H 

R8=NH2 


(rac)-(9a/?,10S)-10-amino-9a-ethyl-6-methyl- 
8,9,9a,10-tetiahydroindeno[2,l-e]indazol-7(3fl)-one 


IHNMR (CDa3, 500 MHz) 6 0.53 (t, CHjC/fj), 1.71 and 1.86 (two m, CHsCH^, 
2.12 and 2.29 (two ddd, 9-Cfl2)» 2.16 (s, 6-CH3), 2.56 and 2.71 (two ddd, S-CH2), 
4.45 (s, H-IO), 7.48 (dd, H-4), 7.75 (d. ^^-5), and 8.55 (d, H-1). 



5 
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69 


R3 = CH3 
R9 = CH2CH3 


9a-ethyl-4-fluoro-6-meaiyl-8,9.9a, 10- 
tetrahydroindeno[2,l-e]indazol-7(3fl)-one 


IH NMR (CDCI3, 500 MHz) 5 0.87 (t, CS^CHs), 1.53 and 1.68 (two dq, Cfl2CH3), 
2.07 and 2.32 (two ddd, 9-0^2). 2.14 (s, 6-CH3), 2.53 and 2.62 (two ddd, 8-CH2), 
2.90 and 3.23 (two d, lO-CFj). 7.52 (d, H-5\ and 8.19 (d, H-l); mass spectrum m/z 
285.2 (M+1), 348.2 (M+Na+MeCN), and 591.2 (2M+1). 



70 


R3 = CH2CH3 
R9 = CH2CH3 


6,9a-diethyI-4-fluoro-8,9,9a,10- 
tetrahydroindeno[2,l-e]indazoI-7(3fl)-one 


IH NMR (CDCI3, 500 MHz) 5 0.86 (t, 9a-CH2C/?5), 1.15 (t, e-CtifiHs), 1.55 and 
1.68 (two dq. 9a-C//2CH3), 2.07 and 2.31 (two ddd, 9-CH2), 2.52 and 2.60 (two ddd, 
8-Cfl2), 2.55 and 2.70 (two dq, 6-Ci?2CH3), 2.89 and 3.32 (two d, 10-Cfl2), 7.46 (d, 
^■-5), and 8.19 (d. ^-1); mass spectrum m/z 299.2 (M+1). 



71 


R3 = Br 

R9 = CH2CH3 


6-bromo-9a-ethyI-4-fluoio-8,9,9a, 10- 
tetrahydroindeno[2, l-€]indazol-7(3i7)-one 


iHNMR (CDCI3, 500 MHz) 5 0.89 (t, CH2C^j), 1.53 and 1.75 (two dq, Ciy2CH3), 
2.17 and 2.35 (two ddd, 9-CH2), 2.72-2.83 (m, 8-CH2). 2.98 and 3.29 (two d, 10- 
CH2), 8.19 (d. H-ll and 8.38 (d, H-S). 



72 


R3 = CF3 
R9 = CH2CH3 


9a-ethyl-4-fluoro-6-trifluoromethyl-8,9,9a,10- 
tetrahydroindeno[2,l-g]indazol-7(3fl)-one 


IRNMR (CDa3, 500 MHz) 5 0.86 (t, CHzCff,), 1.47 and 1.64 (two dq. Ci?2CH3), 
2.16 and 2.32 (two ddd, 9-0^2), 2.53-2.67 (m, 8-CH2). 3.02 and 3.27 (two d, 10- 
CH2), 7.54 (qd, H-5), and 8.18 (d, H-l); mass spectrum m/z 339.1 (M+1) and 402.0 
(M+Na+NfcCN). 
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73 



R3 = CH3 

R9 = CH2CH2CH2CH3 



9a-butyl-4-fluoro-6-methyl-8,9,9a, 10- 
tetrahydroindeno[2,l-g]inclazol-7(3fl)-one 
IH NMR (CDCI3, 500 MHz) 8 0.82 (t, CH2CH2CH2CH3), 1.16-1.28 (m, 
CHiCHzCHzCa^l 1.44 and 1.65 (two m, Cff2CH2CH2CH3), 2.07 and 2.32 (two 
ddd, 9-CH2), 2.14 (s, 6-CH3), 2.53 and 2.63 (two ddd, 8-CH2). 2.92 and 3.24 (two d, 
IO-CH2), 7.54 (d, H-5), and 8.19 (s, H-1); mass spectrum m/z 313.2 (M+1), 376.2 
(M+Na+MeCN), and 647.3 (2M+Na). 



74 


R3 = Br 

R9 = CH2CH2CH2CH3 


6-bromo-9a-butyl-4-fluoro-8,9,9a,10- 
tetrahydroindeno[2, 1 -e]indazol-7(3/0-one 


IH NMR (CDCI3, 500 MHz) 5 0.83 (t, CH2CH2CH2C/fj), 1.15-1.32 (m, 
CH2CH2CH2CH3), 1.54 and 1.71 (two m, C//2CH2CH2CH3), 2.16 and 2.34 (two 
ddd, 9-CH2), 2.72-2.85 (m, 8-CH2), 3.00 and 3.30 (two d, 10-C/f2). 8.22 (br s, H-1), 
and 8.40 (d, H-S); mass spectnmi m/z 377.0 (M+1) and 379.0 (M+3). 



75 


R3 = CN 

R9SCH2CH2CH2CH3 


9a-butyl-6-cyano-4-fluoro-8,9,9a,10- 
tetrahydromdenoI2,l-e]indazol-7(3fi)-one 


IH NMR (CDCI3, 500 MHz) 5 0.85 (t, CH2CH2CH2C/(3). 1.13-1.33 (m, 
CH2CH2CH2CH3), 1.50 and 1.72 (two m, CH2CH2CH2CH3), 2.10 and 2.41 (two 
ddd, 9-Cff2), 2.67 (dd, 8-CH2). 2.99 and 3.37 (two d, IO-CS2). 8-11 (d, H-5), and 
8.24 (br s, J3-1); mass spectnom m/z 324.2 (M+1). 



76 


R3 = CF3 

R9 = CH2CH2CH2CH3 


9a-butyl-4-fluon>6-trifluoromethyl-8,9,9a, 10- 
tetrahydroindeno[2, l-e]indazol-7(3/0-one 


IH NMR (CDCI3, 500 MHz) 5 0.81 (t, CH2CH2CH2CHJ), 1.13-1.30 (m, 
CH2CH2C^2CH3), 1.35 and 1.59 (two m, CJy2CH2CH2CH3), 2.16 and 2.31 (two 
ddd, 9-CH2), 2.54-2.67 (m, 8-CH2), 3.03 and 3.28 (two d, IO-CH2), 7.54 (qd, H-5), 
and 8.19 (d, H-1); mass spectrum ra/z 367.2 (M+1) and 430.2 (M+Na+MeCN). 
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77 



R3 = CH2CH3 
R9 = CH2CH3 



6,9a-diethyl-4-fluoro-8,9,9a,10- 
tetrahydrofluoreno[l,2-<f|inudazol-7(3/0-one 



IHNMR (CDCI3, 500 MHz) 5 0.85 (t, 9a-CH2C//3);i.l5 (t, 6-CM2CH3), 1.53 and 
1.66 (two dq, 9a-Cfl2CH3), 2.06 and 2.31 (two ddd, 9-CH2), 2.50 and 2.60 (two ddd, 
8-C^?2), 2.54 and 2.71 (two dq, e-CflsCHs), 2.90 and 3.35 (two d, 10-C^2). 7.43 (d, 
H-5), and 8.63 (br s, H-2); mass spectrum m/z 299.2 (M+l), 362.2 (M+Na+MeO^, 
and 619.3 (2M+1). 




78 


R3 = H 

R9 = CH2CH3 


9a-ethyl-8,9,9a,10-tetrahydrofluoreno[l,2- 
d][l,2,3]triazol-7(3/0-one 


IH NMR (CDCI3, 500 MHz) 6 0.92 (t, CHzC/fj), 1.63 and 1.77 (two m. CHsCR^), 
2.11 and 2.44 (two ddd, 9-CH2), 2.58 and 2.67 (two ddd, 8-CH2). 3.09 and 3.61 (two 
d, IO-CH2), 6.37 (s, H-6), 7.65 (d, H-5 or H-4), and 7.79 (br s, H-4 or J?-5); mass 
spectrum m/z 254.2 (M+l). 
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79 



R3 = CH2CH2CH2CH3 
R9 = CH2CH3 



6-butyl-9a-ethyl-8,9,9a,10-tetrahydrofluoreno[l,2- 
<l[l,2,3]triazol-7(3fl)-one 



IH NMR (CD3OD, 500 MHz) 5 0.86 and 0.97 (two t. CH2CH3 and 
CHzCHzCHzC//^), 1.36-1.56 (m, CR2CH2CH2CH2), 1.55 and 1.70 (twom, 
CH2CH.2,), 2.11 and 2.38 (two ddd, 9-CH2), 2.46 and 2.65 (two ddd, 8-CH2), 2.61 and 
2.70 (two m, C/?2CH2CH2CH3), 3.04 and 3.46 (two d, 10-Ci?2), and 7.82 (s. HA and 
g-5); mass spectrum tn/z 310.3 (M+l).. 



80 


R3=H0-^^^ 
R9 = CH2CH3 


9a-ethyl-6-(4-hydroxyphenyl)-8,9,9a,10- 
tetrahydrofluoreno[l,2-if|[l,2,3]triazol-7(3fl)-one 


IR NMR (CD3OD, 500 MHz) 5 0.94 (t, CR2CH3), 1.68 and 1.86 (two m, C//2CH3), 
2.27 and 2.48 (two ddd, 9-CH2), 2.57 and 2.77 (two ddd, 8-0^2). 3.12 and 3.52 (two 
d, IO-CH2), 6.56 (d, H-4), 6.87 (br s, CgH^), and 7.38 (d, H-S); mass spectrum m/z 
346.4 (M+l). 



81 


R3 = Br 

R9 = CH2CH2CH3 


6-bromo-9a-propyl-8,9,9a, 10- 
tetrahydrofluoreno[l,2-if][l,2,3]triazol-7(3if)-one 


IRNMR (CDCI3, 500 MHz) 5 0.83 (t, CH2CH2CHJ), 1.17-1.37 (m, CH2Ci?2CH3), 
1.56 and 1.71 (two m, Cff2CH2CH3), 2.23 and 2.41 (two m, 9-CH2), 2.68-2.93 (m, 8- 
CH2), 3.21 and 3.67 (two d, 10-Ci72), 7.84 (d, H-4), and 8.75 (d, ^-5); mass 
spectrum m/z 346.1 (M+l) and 348.1 CM+3). 



82 


R3 = CH3 

R9 = CH2CH2CH3 


6-methyI-9a-propyl-8,9,9a, 10- 
tetrahydn>fluoriaio[l,2-d][l,2,3]triazol-7(3fl)-one 


IH NMR (CDCI3, 500 MHz) 8 0.81 (t, CH2CH2CH3), 1.15-1.34 (m, CH2CH2CH3), 
1.46 and 1.63 (two m, Ciy2CH2CH3), 2.12 and 2.35 (two m, 9-Ci?2), 2.20 (s, 6-Cflj), 
2.59 and 2.70 (two m, 8-CH2). 3.10 and 3.56 (two d, IO-CH2), 7.82 (br d, HA otH- 
5), and 7.90 (d, H-5 or HA); mass spectrum m/z 282.3 (M+l). 
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83 


R3 = CH=CH2 
R9 = CH2CH2CH3 


9a-propyl-6-vinyl-8,9,9a,10- 
tetrahydrofluoreno(l,2-<i][l,2,3]triazol-7(3fl)-one 


IH NMR (CDCI3, 500 MHz) 5 0.83 (t, CH2CH2CH3), 1.18-1.37 (m, CH2CH2CH3), 
1.47 and 1.66 (two m, C//2CH2CH3), 2.15 and 2.36 (two m, 9-CH2), 2.59 and 2.69 
(two m. S-CH2), 3.12 and 3.56 (two d, IO-C7/2), 5.61 and 5.81 (two m, CH=Cff2). 
6.60 (dd, Ci?=CH2), 7.67 (br s, H-4), and 8.03 (d, H-5). 



84 



R3 = CH2CH3 
R9 = CH2CH2CH3 



6-ethyl-9a-propyl-8,9,9a,10- 
tetrahydrofluoreno[l ,2-d] [ 1 ,2,3] triazol-7(3fi>one 



IHNMR (CDCI3, 500 MHz) 6 0.82 (t, CH2CH2CH5), 1.17 (t, 6-CH2CH3), 1.23 and 
1.30 (two m, CH2CH2CH3), 1.46 and 1.62 (two dt, C^?2CH2CH3). 2.11 and 2.36 (two 
ddd, 9-CH2), 2.54 and 2.65 (two ddd, B-CH2X 2.60 and 2.75 (two m, 6-C//2CH3), 
3.10 and 3.54 (two d, lO-C^fj). 7.78 (d, H-4 or H-S), and 7.86 (d, H-5 or H-A); mass 
spectrum m/z 296.2 (M+1). 



85 



R3 = CH2CH=CH2 
R9 = CH2CH2CH3 



6-allyl-9a-piopyl-8,9,9a,10- 
tetrahydrofluoieno[1.2-<f|[l ,2,3]triazol-7(3£0-one 



IR NMR (CDa3, 500 MHz) 6 0.83 (t, CH2CH2CHJ). 1.18-1.37 (m. CH2Ci?2CH3), 
1.51 and 1.69 (two m, Cfl2CH2CH3), 2.15 and 2.39 (two m, 9-CH2). 2.60 and 2.72 
(two m, S-CH2), 3.12 and 3.59 (two d, 10-Ci72), 3.24 and 3.59 (two m, 
CH2CH=CH2), 5.07 (m, CH=Ci?2), 6.04 (m, CH=Cli^, 7.76 (d, H-A or H-5), and 
7.82 (d, H-5 orff-4); mass spectrum m/z 308.3 (M+1). 



86 



R3 = CH2CH2CH3 
R5 = CH2CH2CH3 



6,9a-dipropyl-8,9,9a,10-tetrahydrofluoreno[l,2- 
<I [1 ,2,3]triazol-7(3fl)-one 



IHNMR (CDCI3, 500 MHz) 5 0.82 (t, CH2CH2Cff5), 1.04 (t, 6-CH2CH2CH3), 1.16- 
1.35, 1.40-1.52, and 1.58-1.69 (three m, 9a-CH2CH2CH3 and 6-CH2CH2CH3), 2.11 
and 235 (two ddd, 9-CH2), 2.51-2.59 and 2.61-2.74 (two m, 6-Ciy2CH2CH3 and 8- 
CH2), 3.09 and 3.53 (two d, lO-Cfl^X 7.77 (d, H-4 or H-5), and 7.80 (d, H-5 or H-4); 
mass spectrum m/z 310.3 (M+1). 
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R3 = Br 

R9 = CH2CH2CH2CH3 


6-bromo-9a-butyI-8,9,9a,10- 
tetrahydrofluoreno[l,2-ii][l,2^]triazol-7(3fl)-one 


IH NMR (CDCI3. 500 MHz) 5 0.81 (t, CH2CH2CH2CH5), 1.17-1.33 (m, 
CH2CH2CH2CHS). 1.54 and 1.74 (two m, CJy2CH2CH2CH3), 2.22 and 2.41 (two 
ddd, 9-CH2), 2.79-2.91 (m, S-CH2), 3 20 and 3.67 (two d. 10-Ci?2), 7.84 (d, H-4), and 
8.75 (d, H-Sy, mass spectrum m/z 360.2 (M+1) and 362.2 (M+3) 
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R3 = CH3 

R9 = CH2CH2CH2CH3 


9a-butyl-6-methyl-8,9,9a,10- 
tetrahydrofluoreno[l ,2-d] [ 1 ,2,3]triazol-7(3fl>one 


IHNMR (CDCI3, 500 MHz) 5 0.80 (t, CH2CH2CH2Cif3), 1.15-1.32 (m. 
CH2C/Z2C/?2CH3), 1.44 and 1.66 (two m, Ciy2CH2CH2CH3), 2.12 and 2.37 (two m, 
9-CH2). 2.20 (s, 6-CH3), 2.59 and 2.69 (two m, 8-Cfl^), 3.10 and 3.57 (two d, 10- 
CH2), 7.82 (d, HA or H-5), and 7.91 (d, H-5 or H-4). 
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R3 = CH2CH3 

R9 = CH2CH2CH2CH3 



9a-butyl-6-ethyl-8.9,9a,10-tetrahydrofluorBno[l,2- 

d][l,2,3]triazol-7(3ff)-one 



IH NMR (CDCI3. 500 MHz) 5 0.81 (t, CH2CH2CH2CH3), 1.18 (t, 6-CH2CF3). 1.23 
(m, CH2CH2CH2CH2X 1.44 and 1.65 (two dt, C^r2CH2CH2CH3), 2.10 and 2.37 (two 
ddd, 9-CH2), 2.57 and 2.67 (two ddd, 8-CH2), 2.62 and 2.77 (two.m, 6-CH2CH3). 
3.09 and 3.56 (two d. IO-CH2), 7.81 (d. H-4 or H-5), and 7.85 (d, H-5 or H-4); mass 
spectrum m/z 310.3 (M+1). 
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R3 = CH2CH=CH2 
R9 = CH2CH2CH2CH3 



6-allyl-9a-butyl-8,9,9a,10-tetrahydrofluoreno[l,2- 
rfl[l,2.3]triazol-7(3H)-one 



iHNMR (CDCI3, 500 MHz) 6 0.81 (t, CH2CH2CH2CHJ), 1.15-1.35 (m, 
CH2CH2CH2CH3), 1.50 and 1.72 (two m, CH2CH2CH2CH3), 2.15 and 2.40 (two 
ddd, 9-Cfl2). 2.61 and 2.72 (two ddd, 8-CH2), 3.12 and 3.59 (two d, IO-CH2). 3.26 
and 3.59 (two m, CH2CH=CH2), 5.07 (m, CH=CH2). 6.04 (m, CH=CH2). 7.78 (d, H- 
4 or H-5), and 7.82 (d, g-5 or H-4); mass spectrum m/z 322.3 (M+1). 
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R3=CH2CH2CH3 
R9 = CH2CH2CH2CH3 



9a-butyl-6-propyl-8,9,9a,10- 
tetrahydrofluoreno[l,2-d][1.2,3]triazol-7(3fl)-one 



IH NMR (CDCI3, 500 MHz) 5 0.80 (t, CH2CH2CH2CH5), 1.04 (t, 6-CH2CH2C/fj), 
1.14-1.31, 1.40-1.51, and 1.58-1.69 (three m, CH2CH2CH2CH^ and 6-CH2CH2CH3), 
2.10 and 2.35 (two ddd, 9-CH2), 2.51-2.59 and 2.60-2.74 (two m, 6-Cff2CH2CH3.and 
8-C//2). 3.08 and 3.54 (two d, 10-C/f2), and 7.79 (s, H-4 andH-5); mass spectrum 
m/z 324.3 (M+1). 
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R3 = CF3 

R9 = CH2CH2CH2CH3 


9a-butyl-6-trifluoromethyl-8,9,9a,10- 
tetrahydrofluoreno[l,2-ti][l,2,3]triazol-7(3/0-one 


IHNMR (a)Cl3, 500 MHz) 5 0.79 (t, CH2CH2CH2C//5), 1.13-1.27 (m, 
CH2Ci?2C/f2CH3), 1.36 and 1.62 (two m, CH2CH2CH2CH3), 2.22 and 2.39 (two 
ddd, 9-CH2), 2.60-2.73 (m, S-CHz), 3.26 and 3.68 (two d, IO-CH2), 7.77 (d, H-4), and 
7.96 (qd, H-Sy, mass spectrum m/z 350.1 (M+1) and 413.1 (M+Na+MeCN). 
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R9 = CH2CH2CH2CH3 


9a-butyl-6-(2-furyl>8,9,9a,10- 
tetrahydrofluoreno[l ,2-d\ [1 ,2,3]triazol-7(3fl)-one 


IHNMR (CDCI3, 500 MHz) 6 0.84 (t, CH2CH2CH2C/f5), 1.15-1.36 (m, 
CH2C/f2C^r2CH3), 1.54 and 1.78 (two m, C//2CH2CH2CH3). 2.25 and 2.47 (two 
ddd, 9-Cii2), 2.68 and 2.75 (two ddd, 8-C//2). 3.27 and 3.72 (two d, IO-CH2), 4.0 (br 
s, Nfl), 6.51 (d, furyl H-3), 6.57 (dd, furyl HA), 6.74 (d, H-5), 7.50 (s, furyl ^-5), and 
7.71 (d, H-4); mass spectrum m/z 348.2 (M+1). 
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R3 = CH2CH3 
R9 = CH2CH3 


6,9a-diethyl-4-fluoro-8,9,9a,10- 

tetrahydrofluoreno[ 1 ,2-d\ [ 1 ,2,3]triazol-7(37i)-one 


IHNMR (CDCI3. 500 MHz) 5 0.88 (t, 9a-CH2Cfrj), 1.17 (t, 6-CH2Cfl;3), 1.56 and 
1.70 (two dq, 9a-CH2CH2), 2.10 and 2.36 (two ddd, 9-CH2), 2.56 and 2.65 (two ddd, 
8-CH2). 2.57 and 2.73 (two dq, 6-CH2CH3), 3.02 and 3.47 (two d, IO-CH2), and 7.52 
(d, H-5); mass spectram m/z 300.2 (M+1), 363.2 (M+Na+MeCN), and 621.3 (2M+1) 




6-methyl-3,9,10,l l-tetrahydro-8,10a-methanoazuleno[2,l-e]indazol-7(8ii)- 
one 

IH NMR (CDCI3, 500 MHz) 5 1.69 and 1.92 (two ddd, lO-C/72), 1-84 and 2.30 (two 
m, 9-CH2), 1.99 and 2.04 (two dd, 12-CH2), 2.15 (s, 6-CH3), 3.12 (dd, H-8), 3.33 and 
3.49 (two d, n-CH2), 7.53 (d, HA), 7.88 (d, H-5), and 8.19 (s, H-l); mass spectrum 
m/z 265.2 (M+1) and 328.2 (M+Na+MeCN) 
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EXAMPLE 96 

The following compounds are prepared using methods analogous to 
those described in the preceding examples: 




z 


R3 


R9 


CH 


Br 


CH2CH3 


CH 


CH2CH3 


CH2CH3 


CH 




CH2CH2CH3 


CH 


Br 


CH2CH2CH2CH3 


CH 


CH3 


CH2CH2CH2CH3 


CH 


CH2CH3 


CH2CH2CH2CH3 


CCl 


CH3 


CH2CH2CH2CH3 


N 


CH3 


CH2CH2CH3 


N 


CH2CH3 


CH2CH2CH3 


N 


Br 


CH2CH2CH2CH3 


N 


CH3 


CH2CH2CH2CH3 


N 


CH2CH3 


CH2CH2CH2CH3 



-176- 



wo 02/41835 



PCT/USOl/44010 



\ 



X 


R3 


R5 


R9 


o 


CH2CH2 


XI 


CHoCH-jCHq 


o 


CH3 


H 


CH2CH(CH3)CH2CH3 


0 


CH3 


H 


CH2CH(CH3)2 


o 




XT 

Jtl 




o 


CH3 


H 


CH=CHCH2CH3 


0 


CH2CH3 


H 


CH2CH=CHCH3 


o 


CI 


H 


CH2CH3 


0 


I 


H 


CH2CH3 


0 


\-\ >-CH=CHC02H 


H 


CH2CH3 


0 




H 


CH2CH3 


0 




H 


CH2CH3 


o 




H 


CH2CH3 


o 


CH2-<] , 


H 


CH2CH3 


o 


|--^^^OCH2CH2N(CH3)2 


H 


CH2CH3 


0 




H 


CH2CH3 


o 


• CI 


H 


CH2CH2CH3 


o 


CI 


H 


CH2CH2CH2CH3 


0 




H 


CH2CH2CH2CH3 


o 




H 


CH2CH2CH2CH3 



-177- 



wo 02/41835 



PCT/USOl/44010 



0 


Br 


H 


CH2CH2F 


0 


Br 


H 


CH2CHF2 


0 


Br 


H 


CH2CF3 


o 


Br 


H 


CH2CH2CH2F 


o 


dt 


TT 

H 


oxT r^xj r^tj 


o 


Br 


H 


CH2CF2CF3 


0 


Br 


H 


CH2CH2CH2CF3 




x>r 


TT 

H 


PTT r^u m r^r? 
\^xl2V^rl2^J^2^-*^3 


O 


CH2CH3 


H 


CH2CH2F 


0 


CH2CH3 


H 


CH2CF3 


o 


CH2CH3 


H 


CH2<] 


o 


CPs 


H 




o 


CF3 


H 




0 


CF3 


H 




-CH3 








CH3 


o 


CF3 


H 


CH2CH2-<] 


o 


CF3 


H 




o 


CF3 


H 




o 


CF3 


H 




o 


CF3 


H 




o 


CF3 


H 




0 


CH3. 


H 


CH2CH=CHC1 


0 


CH3 


H 


CH2CH=CHBr 


0 


a 


F 


CH2CH3 


o 




F 


CH2CH3 



-178- 



wo 02/41835 



PCT/USOl/44010 



o 




P 

X 


CHoCH^ 






F 








r 


\_^xi2v^ri2v-.xi2^-"^3 


o 


Br 


F 


CH2CF3 


0 


Br 


F 


CH2CH2CF3 


o 


CH2CH3 


F 


CH2-<] 


o 


CF3 


F 




o 


CFq 


F 




o 


CH3 


F 


CH2CH=CHC1 


NOH 


CH3 


H 


CH2CH3 


NOCH3 


CH3 


H 


CH2CH3 


NNH2 


CH3 


H 


CH2CH3 


CH2 


CH3 


H 


CH2CH3 


NOH 


CH2CH3 


H 


CH2CH2CH2CH3 




Rl 


R2 


R3 


R9 


CH2CH3 


H 


CH3 


CH2CH3 


CH2CH=CH2 


H 


CH3 


CH2CH3 


CH2CH2CH3 


H 


CH3 


CH2CH3 


OH 


CH2CH2CH3 


CH3 


CH2CH3 


CH3 


CH3 


CH3 


CH2CH3 


OH 


H 


CH2CH3 


CH2CH2CH2CH3 



-179- 



wo 02/41835 



PCT/USOl/44010 




.(CH2)n 



n 


R3 


R5 


R9' 




Br 


H 


CH3 




Br 


H 


CH2CH3 ■ 




X31 


TT 

xl 




1 


Br 


H 


CH2CH2QH3 


1 


CH3 


H 


CH2CH2CH3 


1 


CF3 


H 


CH2CH2CH3 


1 




H 


CH2CH2CH3 


1 


CI 


H 


CH2CH2CH3 


1 


CH2CH3 


H 


CH=CH2 


1 


CH3 


H 


CH=CHC1 




CH2CH3 


H 


CF3 






H 


CH2CH2F 




CH2CH3 


H 


CH2CF3 




CF3 


H 






CF3 


H 






Br 


F 


CH2CH2CH3 




CF3 


F 


CH2CH2CH3 






F 


CH2CH2CH3 




Cl 


F 


CH2CH2CH3 




CH2CH3 


F 


CH2CF3 




• CF3 


F 




2 


Br 


H 


CH2CH2CH3 j 



-180- 



wo 02/41835 



PCT/USOl/44010 



2 


CF3 


H 


CH2CH2CH3 


2 




H 


CH2CH2CH3 


2 


Cl 


H 


CH2CH2C3I3 


2 


CH2CH3 


H 


CH2CF3 


2 


CF3 


H 




2 


Br 


F 


CH2CH2CH3 


2 


CF3 


F 


CH2CH2CH3 


2 




F 


CH2CH2CH3 


2 


a 


F 


CH2CH2CH3 


2 


CH2CH3 


F 


CH2CF3 


2 


CF3 


F 


CH2-O 




X 


R3 


R5 


R9 


0 


CH3 


H 


CH2CH2(CH3)3 


0 


CH3 


H 


CH2CH(CH3)CH2CH3 


0 


CH3 


H 


CH2CH(CH3)2 


0 


CH2CH3 


H 


CH=CHCH2CH3 


0 


CH2CH3 


H 


CH2CH=CHCH3 


0 


CH2CH3 


H 


CH2CH2CH=CH2 


0 


Cl 


H 


CH2CH3 


0 




H 


CH2CH3 


0 




H 


CH2CH2CH2CH3 



-181- 



wo 02/41835 



PCT/USOl/44010 



o 




H 


CH2CH2CH2CH3 


o 


|-\ }-CH=CHC02H 


H 


CH2CH3 


o 




H 


CtloCH'a 


o 


0^ 


H 


CH2CH3 


o 




H 


CH2CH3 


o 


CH2-0 


H 


CH2CH3 


o 


V-OCH2CH2N(CH3)2 


H 


CH2CH3 


o 


- /=\ 


H 


CH2CH3 


o 


CI 


XT 
xX 




0 


CI 


XT 

JJL 


C^XjLo xloCxxo Cxli 


o 


I 


XX 


CH2C3I2CH2CH3 


o 




H 


CH2CH2CH2CH3 


o 


Br 


H 


CH2CH2F 


o 


Br 


H 


CH2CHF2 


o 


Br 


H 


CH2CF3 


o 


Br 


H 


CH2CH2CH2F 


o 


Br 


H 


CH2CH2CF3 


o 


Br 


H 


CH2CF2CF3 


o 


Br 


H 


CH2CH2CH2CF3 


o 


Br 


H 


CH2CH2CF2CF3 


o 


CH2CH3 


H 


CH2CH2F 


o 


CH2CH3 


H 


CH2CF3 


o 


CH2CH3 


H 




o 


CF3 


H 





-182- 



wo 02/41835 



PCT/USOl/44010 



o 


CF3 


H 




0 


CF3 


H 




o 


CP2 


H 




o 


CF3 


H 




o 


CF3 


H 




0 


CF3 


H 






CF^ 


a 




o 


CF3 


H 




0 


CH3 


H 


CH2CH=CHC1 


0 


CH3 


H 


CH2CH=CHBr 


NOH 


CH2CH3 


H 


CH2CH2CH2CH3 


NOCH3 


CH3 


H 


CH2CH3 






R2 


R3 


R9 


OH 


H 


CH3 


CH2CH3 


CH3 


H 


CH3 


CH2CH3 


CH2CH3 


H 


CH3 


CH2CH3 


CH2CH=CH2 


H 


C3i3 


CH2CH3 


CH2CH2CH3 


H 


CH3 


CH2CH3 



-183- 



wo 02/41835 



PCTAJSOl/44010 



OH 


CH2CH2CH3 


CH3 


CH2CH3 


CH2CH2CH3 


CH3 




CH2CH3 


OH 


H 


CH2CH3 


CH2CH2CH2CH3 




R3 


R7 


R8 


R9 


CH3 


CH3 


H 


CH2CH3 


CH3 


CH3 


CH3 


CH2CH3 


CH3 


=0 




CH2CH3 


CH2CH3 


=0 




CH2CH2CH2CH3 


CH2CH3 


CH3 


H 


CH2CH2CH2CH3 



3 p 




(CH2)n 



n 


R3 


R5 


R9' 




Br 


H 


CH3 




Br 


H 


CH2CH3 




Br 


H 


CH2CH=CH2 




Br 


H 


CH2CH2CH3 




CH3 


H 


CH2CH2CH3 




CF3 


H 


CH2CH2CH3 



-184- 



wo 02/41835 



PCT/USO 1/44010 



1 


0^ 


H 


CHoCHoCH, 


J 


CI 


H 


CI19CH9 CHi 


1 


CH2CH3 


H 


CH=CH2 


1 


CH3 


H 


CH=CHC1 


1 


CH2CH3 


H 


CF3 


^ 


CH2CH3 


H 


CH2CH2F 






TT 
11 


v^n2v-^ir'3 






H 






CF3 


H 


CH2<] 


z 


Br 


H 


/"ITT /^TT /^TT 

^^jl2L/±l2L.Jtl3 


2 


CF3 


H 


CH2CH2CH3 


2 




H 


CH2CH2CH3 


2 


CI 


H 


CH2CH2CH3 


2 


CH2CH3 


H 


CH2CF3 


2 


CF3 


H 


CH2-<| 



-185- 



wo 02/41835 



PCT/USOl/44010 



Estrogen Receptor Binding Assay 

The estrogen receptor ligand binding assays are designed as 
scintillation proximity assays employing the use of tritiated estradiol and recombinant 
5 expressed estrogen receptors. The full length recombinant human ER-a and ER-P 
proteins are produced in a bacculoviral expression system. ER-a or ER-P extracts are 
diluted 1:400 in phosphate buffered saline containing 6 mM a-monothiolglycerol. 
200 [iL aliquots of the diluted receptor preparation are added to each well of a 96- well 
Flashplate. Plates are covered with Saran Wrap and incubated at 4 ° C overnight 

10 The following morning, a 20 ul aliquot of phosphate buffered saline 

containing 10% bovine serum albumin is added to each well of the 96 weU plate and 
allowed to incubate at 4° C for 2 hours. Then the plates are washed with 200 ul of 
buffer containing 20 mM Tris (pH 7.2), 1 mM EDTA, 10% Glycerol, 50 mM KCl, 
and 6 mM a-monothiolglycerol. To set up the assay in these receptor coated plates, 

15 add 178 ul of the same buffer to each well of the 96 well plate. Then add 20 ul of a 
10 nM solution of ^H-^stradioI to each well of the plate. 

Test compounds are evaluated over a range of concentrations from 
0.01 nM to 1000 nM. The test compound stock solutions should be made in 100% 
DMSO at lOOX the final concentration desired for testing in the assay. The amount of 

20 DMSO in the test wells of the 96 well plate should not exceed 1%. The final addition 
to the assay plate is a 2 ul aliquot of the test compound which has been made up in 
100% DMSO. Seal the plates and allow them to equilibrate at room temperature for 3 
hours. Count the plates in a scintillation counter equipped for counting 96 well plates. 
The compounds of Examples 1-40 exhibit binding affinities to the 

25 estrogen receptor a-subtype in the range of IC50 = 36 - >10000 nm, and to the 
estrogen receptor p-subtype in the range of IC50 = 1.4 - 283 nm. 

Pharmaceutical Composition 

As a specific embodiment of this invention, 25 mg of 
30 tetrahydrofluorenone from Example 6, is formulated with sufficient finely divided 
lactose to provide a total amount of 580 to 590 mg to fill a size 0, hard-gelatin 
capsule. 
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WHAT IS CLAIMED IS : 



1 . A compound of the formula: 




5 wherein X is selected from the group consisting of: O, N-OR^, N-NR^R^ and Ci^ 
alkylidene, wherein said alkylidene group is unsubstituted or 
substituted with a group selected from hydroxy, amino, O(Ci^alkyl), 
NH(Ci^alkyl), or N(Ci^alkyl)2; 
Y is selected from the group consisting of N and CR^; 

10 Z is selected from the group consisting of N and CR^ ; 

R1 is selected from the group consisting of hydrogen, Ci.6alkyl, C2-6^kenyl, and 
C2-6alkynyl, wherein said alkyl, alkenyl and alkynyl groups are either 
unsubstituted or substituted with a group selected from OR^, SR^, 
NRbRC, C(=0)RC, C(=0)CH20H, bromo, 1-3 chloro, 1-5 fluoix) or 

15 phenyl, wherein said phenyl group can either be unsubstituted or 

substituted with a substituent selected from the group consisting of Cj. 
4alkyl, OH and 0(Ci^alkyl); 
R2 is selected from the group consisting of hydrogen, hydroxy, iodo, 0(C=0)RC, 

C(=0)RC, CO2RC, CLgalkyl, C2-6alkenyl, and C2_6alkynyl, wherein 

20 said alkyl, alkenyl and alkynyl groups are either unsubstituted or 

substituted with a group selected from ORC, SR^, NR^RC ,C(=0)RC, 
C(=0)CH20H, or phenyl, wherein said phenyl group can either be 
unsubstituted or substituted with a substituent selected fix)m the group 
consistmg of Ci^alkyl, OH and O(Ci^alkyl); 

25 or r1 and r2, when taken together with the carbon atom to which they 

are attached, form a carbonyl group; 

or r1 and r2, when taken togeflier with the carbon atom to which they 
are attached, form a C3-7 cycloalkyl or 3.7 heterocycloalkyl ring, 
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wherein said ring is either unsubstituted or substituted with a group 
selected from C1-4 alkyl, OH, 0(Ci-4 alkyl) and 0x0; 
or r1 and r2, when taken together, form a Ci-6 alkylidene group, 
wherein said alkylidene group is either unsubstituted or substituted 
5 with a group selected from the group consisting of hydroxy, 0(Ci- 

4alkyl), N(Ci^alkyl)2, and phenyl, wherein said phenyl group can 
either be unsubstituted or substituted with 1-3 substituents 
independently selected from the group consisting of Cj^alkyl, OH, 
0(Ci^alkyI), NH2, NH(Ci_4alkyI), NH(Ci^alkyl)2, halo, CN, NO2, 

10 C02H,C02(Ci^alkyl),C(0)H,andC(0)(Ci.4alkyI); 

R3 is selected from the group consisting of hydrogen, fluoro, chloro, bromo, iodo, 
cyano, nitro, NR^RC, ORa S(0)Ra S02Ra SR^ C(=0)Ra, CO2RC, 
CONRaRC Ci^ioalkyl, C24oalkenyl, C2-ioalkynyl, Cs.ycycloalkyl, 
4-7 membened heterocycloalkyl, cycloalkylalkyi, aryl, heteroaiyl, 

15 arylalkyl, and heteroarylalkyl, wherein said alkyl, alkenyl, alkynyl, 

cycloalkyl, aryl and heteroaryl groups are either unsubstituted or 
independently substituted with 1, 2 or 3 groups selected from fluoro, 
chloro, bromo, iodo, cyano, ORa NRaRC, 0(C=0)Ra, 0(C=0)NRaRC, 
NRa(C=0)RC, NRa(C=0)ORC, C(=0)Ra C02Ra CONRaRC, 

20 CSNRaRC, SRa, S(0)Ra S02Ra S02NRaRC, LRd and MLRd ; 

R4- and r5 are each independently selected from the group consisting of hydrogen, 

hydroxy, amino, methyl, CF3, fluoro, chloro, and bromo; 
R6 is selected from the group consisting of hydrogen, (C=0)Ra (C=0)ORa, and 
S02Ra; 

25 r7 and R^ arc each independently selected from the group consisting of hydrogen, 
Cl-6alkyl, C2-6alkenyl, C2-6alkynyl, fluoro, chloro, bromo, cyano, 
hydroxy, 0(Ci.6 alkyl), azido, amino, NH(Ci^alkyl), andN(Ci. 
4alkyl)2; 

or R^ and R^, when taken together with the carbon atom to which they 
30 are attached, form a 3-5 membered cycloalkyl ring; 

or r7 and R^, when taken together with the carbon atom to which they 
are attached, form a carbonyl group; 

or r7 and R8, when taken together, form a Ci^galkylidene group, 
wherein said alkylidene group is either unsubstituted or substituted 
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with a group selected from cyano, C(=0)H, C(=0)(Ci^alkyI), or 
C(=0)0Ci-4alkyl; 

R9 is selected from the group consisting of hydrogen, Ci^iQdlkyh C2-ioalkenyl, C2- 
lOalkynyl, Cs^cycloalkyl, cycloalkylalkyl, aryl, heteroaryl, arylalkyl 
5 and heteroarylalkyl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl. 

cycloalkylalkyl, aryl, heteroaryl, arylalkyl and heteroarylalkyl groups 
can be optionally substituted with a group selected from bromo, iodo, 
ORb, SRb, C(=0)Rb, 1-3 chloro, or 1-5 fluoro; 
or , when taken together with the three intervening carbon 

10 atoms to which they are attached, form a 5-6 membered cycloalkyl or 

cycloalkenyl ring which can be optionally substituted with 1-3 groups 
independently selected from 0x0, hydroxy, fluoro, Cj^galkyl, C2- 
Salkenyl, C2-6alkynyl, Ci.6alkylidenyl, C3.6cycloalky], 
cycloalkylalkyl, phenyl, or phenylalkyl, wherein said alkyl, alkenyl, 

15 alkynyl, alkylidenyl, cycloalkyl, cycloalkylalkyl, phenyl, and 

phenylalkyl groups can be optionally substituted with a group selected 
from chloro, bromo, iodo, ORb, SR^, Ci.salkyl, C(=0)Rb, or 1-5 
fluoro; 

or r9 and r8, when taken together with the two intervening carbon 
20 atoms to which they are attached, form a cyclopropyl ring which can be 

optionally substituted with 1-2 groups independently selected from Ci. 

galkyl, C2-.6alkenyl, C2-6alkynyl, C3.6cycloalkyl, cycloalkylalkyl, 

phenyl, or phenylalkyl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, 

cycloalkylalkyl, phenyl, and phenylalkyl groups can be optionally 
25 substituted with a group selected from chloro, bromo, iodo, OR^, SR^, 

Ci.salkyl, C(=0)Rb, or 1-5 fluoro; 
RIO is selected from the group consisting of hydrogen, Ci.jo^lkyl, and C2-ioalkenyl; 
R^ is selected from the group consisting of hydrogen, Ci^iQalkyl, and phenyl, 

wherein said alkyl group can be optionally substituted with a group 
30 selected from hydroxy, amino, O(Ci^alkyl), NH(Ci^alkyl), N(Ci. 

4alkyl)2, phenyl, or 1-5 fluoro, and 

wherein said phenyl groups can either be unsubstituted or substituted 
with 1-3 substituents independently selected from the group consisting 
of Ci^alkyl, OH, O(Ci^alkyl), NH2. NH(Ci^alkyl), NH(Ci. 
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4alkyl)2, halo, CN, NO2, CO2H, CX)2(Ci^alkyl), C(0)H, and 
C(0)(CMalkyl); 

Rb is selected from the group consisting of hydrogen, Ci.joalkyl, benzyl and phenyl, 
wherein said phenyl group can either be unsubstituted or substituted 
5 with 1-3 substituents independently selected from the group consisting 

of Ci^alkyl, OH, O(Ci^alkyl), NH2, NH(Ci^alkyl), NH(Ci. 
4alkyl)2. halo, CN, NO2, CO2H, C02(Ci^alkyl), C(0)H, and 
C(0)(Ci^alkyl); 

is selected from the group consisting of hydrogen, Cj.ioalkyl and phenyl, wherein 
10 said phenyl group can either be unsubstituted or substituted with 1-3 

substituents independently selected from the group consisting of Cj[» 
4alkyl, OH, 0(Ci^alkyl), NH2, NH(Ci^alkyl), NH(Ci^alkyl)2, 
halo, CN, NO2. CO2H, C02(Ci^alkyl), C(0)H, and C(0)(Ci. 

15 . or and RC, whether or not on the same atom, can be taken together 

with any attached and intervening atoms to form a 4-7 membercd ring; 
Rd is selected from the group consisting of NR^RC^ OR^, C02R^, 0(C=0)Ra, CN, 
NRC(C=0)Rb, CONRaRC, S02NRaRC, and a 4-7 membered N- 
heterocycloalkyl ring that can be optionally interrupted by O, S, NR^, 
20 • or C=0; 

R® is selected from the group consisting of hydrogen, Ci.6alkyl, C2-6alkenyl, CF3, 

halo, 0(Ci^alkyl), NH2, NH(Ci^alkyl), and N(Ci^alkyl)2; 
Rf is selected from the group consisting of hydrogen, Ci.6alkyl, C2.6alkenyl, CF3, 
halo, O(Ci^alkyl), NO2, NH2, NH(Ci_4alkyl), and N(Ci^alkyl)2; 
25 L is selected from the group consistmg of CR'^R^, C2-6 alkylene and C2-6 

alkenylene, wherein said alkylene and alkenylene groups can be 
optionally intermpted by O, S, or NR^; 
M is selected from the group consisting of O, S, NR^, C=0, 0(C=0), (C=0)0, 

NRC(C=0) or (C=0)NRC; 
and the pharmaceutically acceptable salts thereof. 

2. A compound according to Claim 1 wherein 
X is selected from the group consisting of O and N-OR^; 
Y is selected from the group consisting of N and CH; 



-190- 



wo 02/41835 



PCT/USOl/44010 



Z is selected from the group consisting of N and CR^ ; 

R1 is selected from the group consisting of hydrogen, Ci^alkyl, C2-6alkenyl, and 
C2.6alkynyl wherein said alkyl, alkenyl and alkynyl groups are either 
unsubstituted or substituted with a group selected from OR^ or 
5 C(=0)RC; 

R2 is selected from the group consisting of hydrogen, hydroxy, iodo, Ci_6alkyl, C2- 
galkenyl, and C2-6aIkynyl, wherein said alkyl, alkenyl and alkynyl 
groups are either unsubstituted or substituted with a group selected 
fromORCorC(=0)RC; 
10 r3 is selected from the group consisting of hydrogen, chloro, bromo, iodo, Cj^ 

lOalkyl, C2-ioalkenyl, C3.7cycloalkyl, aryl and heteroaryl, wherem 
said alkyl, alkenyl, cycloalkyl, aryl and heteroaryl groups are either 
unsubstituted or independently substituted with 1, 2 or 3 groups 
selected from fluoro, chloro, bromo, cyano, OR^ NR^R^, C(=0)R^ 
. 15 C02R^ CONRaRC, SRa NRa(C=0)RC, LRd and MLRd ; 

r4 is selected from the group consisting of hydrogen, hydroxy, methyl, fluoro and 
chloro; 

R5 is selected from the group consisting of hydrogen, hydroxy, fluoro and chloro; 
r6 is selected from the group consisting of hydrogen, (C=0)Ra and C(=0)ORa; 
20 R7andR8 are each independently selected from the group consisting of hydrogen and 
Ci.6alkyl; 

or b7 and R^, when taken together with the carbon atom to which they 
are attached, form a carbonyl group; 
r9 is selected from the group consisting of hydrogen, Ci.iQalkyl, C2-ioalkenyl, C3. 

25 gcycloalkyl and cycloalkylalkyl, wherein said alkyl, alkenyl, cycloalkyl 

and cycloalkylalkyl groups can be optionally substituted with a group 
selected from chloro, OR^, SR^ or 1-5 fluoro; 
or r9 and r1, when taken together with the three intervening carbon 
atoms to which they are attached, form a 5-6 membered cycloalkyl ring 

30 which can be optionally substituted with a group selected from Cj. 

galkyl, C2^alkenyl, and C3_6cycloalkylalkyl, wherein said alkyl, 
alkenyl, and cycloalkylalkyl groups can be optionally substituted with a 
group selected from chloro, OR^, SR^ or 1-5 fluoro; 
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RlO is selected from the group consisting of hydrogen and Ci^iQalkyl; 
and the pharmaceutically acceptable salts thereof. 

3. A compound according to Claim 2 wherein 
5 X is selected from the group consisting of O and N-OH, N-OCH3; 
Y is selected from the group consisting of N and CH; 
Z is selected from the group consisting of N, CH, CP and CCl; 
Rl is selected from the group consisting of hydrogen and Ci.3alkyl; 
R2 is selected from the group consisting of hydrogen, hydroxy, iodo and Ci.3alkyl; 
10 r3 is selected from the group consisting of hydrogen, chloro, bromo, iodo, Ci. 

lOalky], C2-ioalkenyl, C3.7cycloalicyl and aiyl, wherein said alkyl, 
alkenyl, cycloalkyl and aryl groups are either unsubstituted or 
independently substituted with 1, 2 or 3 groups selected from fluoio, 
ORa NRaRC, LRd and MLRd ; 
15 r4 is selected from the group consisting of hydrogen, methyl and fluoro; 
r5 is selected from the group consisting of hydrogen and fluoro* 
is selected from the group consisting of hydrogen and C(=0)OR^- 
and r8 are each independently selected from the group consisting of hydrogen and 
Ci^galkyl; 

20 r9 is selected from the group consisting of Ci^igalkyl, C2-ioalkenyl, C3.6cycloalkyl 
and cycloalkylalkyl; 

Rio 

is hydrogen; 

and the pharmaceutically acceptable salts thereof. 

25 4. A compound according to Claim 3 wherein 

X is O and Z is selected from the group consisting of N and CH; 
and the pharmaceutically acceptable salts thereof. 

5. A compound according to Claim 1 selected from the group 

30 consisting of: 

9a-ethyl-l,6-dimethyl-8,9,9a,10-tetrahydroindeno[2,l-e]indol-7(3i?)-one; 
9a-ethyl"6-methyl-8,9,9a,10-tetrahydroindenot2,l~e]indol-7(3fl)-one; 
l-chloro-9a-^thyl-6-methyl-8,9,9a,10-tetrahydroindeno[2,l-e]indol-7(3i?)-one; 
9a-^thyI-6-methyl-l.nitro-8,9,9a40-tetrahydroindeno[2a-g]indol-7(3^-on^ 
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6-acetyl-9a-butyl-4-fluoro-8,9,9a,10-tetrahydromdeno[24-e]indol-^ 

6-methyl-9a-propyl-8,9,9a,10-tetrahydioindeno[2,l-e]indol-7(3fl)-one; 

9a-ethyl-4-fluoro-6-methyl-8,9,9a40-tetrahydroindeno[2,l-g]indol-7(3fl)-one; 

6,9a-diethyl-4-fluoro-8,9,9a,10-tetrahydromdeno[2,l-e]indol-7(3fl)-one; 
5 9a-butyl-4-fluoro-6-methyl-8,9,9a,10-tetrahydroindeno[2,l-e]indol-7(3fl)-one; 

9a-butyl-6-ethyl-!t-fluoro-8,9,9a,10-tetrahydroindeno[2;i-e]indol-7(3fl)-one; 

6,9a-dimethyl-8,9,9a,10-tetrahydroindeno[2,l-e]iiidazol-7(3i?)-one; 

6-bromo-9a-methyl-8,9,9a,10-tetrahydroindeno[2,l-g]indazol-7(3/f)-one; 

9a-ethyl-8.9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3fl)-one; 
10 9a-ethyl-6-niethyl-8,9,9a,10rtetrahydroindeno[2,l-e]indazol-7(3fl)-one; 

6-bromo-9a-ethyl-8,9,9a,10-tetrahydroinde!no[2,l-e]indazol-7(3fl)-one; 

9a-*%I-6-trifIuoix)methyI-8,9,9a,10-tetrahydroindeno[2J-e]indazol-7(3j^ 

9a-ethyl-6-{4-[2-(l-piperidinyl)ethoxy]phenyl}-8^,9a,10-tetrahydroindeno[2,l- 
e]indazol-7(3i?)-one hydrochloride salt; 
15 9a-ethyl-6-(4-hydroxyphenyl)-8,9,9a, 10-tetrahydroindeno[2,l-e]indazoI-7(3//)-one; 

9a-ethyl-6-vinyl-8,9,9a.l0-tetrahydroindeno[2,l-e]indazoI-7(3fl)-one; 

6,9a-diethyl-8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3fl)-one; 

6-aUyl-9a-ethyl-8,9.9a,10-tetrahydroindeno[2.1-e]indazol-7(3//)-one; 

9a-ethyl-6-isopropyl-8,9,9a, 10-tetrahydroindeno[2, l-e]indazol-7(3//)-one; 
20 6-butyl-9a-ethyI-8,9,9a,10-tetrahydioindeno[2,l-e]indazol-7(3fl)-one; 

6-cyclopentyl-9a-ethyl-8,9,9a,10-tetrahydroindeno[2,l-e]indazoI-7(3fl)-one; 

6-cyano-9a-ethyl-8,9^a,10-tetrahydroindeno[2,l-e]indazol-7(3fl)-one; 

9a-ethyl-6-methoxy-8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3iH)-one; 

l-chloro-9a-ethyl-6-methyl-8,9,9a,10-tetrahydroindeno[24-e]indazol-7(3i^)-<>ne 
25 l-bromo-9a-ethyl-6-methyI-8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3i?)-one; 

9a-ethyl-6-methyl-9,9a-dihydroindeno[2,l-e]indazole-7,10(3/f,8fl)-dione; 

10-chloro-9a-ethyl-6-methyl-8,9.9a,10-tetrahydroindeno[2,l-e]indazol-7(3/0-one; 

10-azido-9a-ethyI-6-methyl-8,9,9a,10-tetrahydroindeno[2,l-e]indazoI-7(3^0-one; 

6-bromo-9a-ethyl-9,9a-dihydroindeno[2,l-e]indazole-7,10(3/^,8i0-dione; 
30 10-ainino-9a-ediyl-6-methyl-8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3//)-one; 

9a-*thyl-10-methoxy-^methyl-8,9,9a40-tetrahydioindeno[2,l-g]indazol-7(3/0-one; 

9a-*thyl-640-<limethyl-8,9,9a,10-tetrahydioindeno[2a-e]indazol-7(3£0-one; 

9a-^thyl-4-fluoro-6-me%l-8,9,9a,10-tetrahydroindeno[24-e]indazoI-7(3/0-oM 

6,9a-diethyl-4-fluoro-8,9,9a,10-tetrahydroindeno[2,l-g]indazol-7(3/0-one; 
35 6-bromo-9a-etfiyl-4-fluon>-8,9.9a,10-tetrahydiomdeno[2,l-e]indazol-7(3fl)-one; 
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9a-^thyl-4-fluoro-6-trifluoromethyl-8,9,9a,10-tetrahydroindeno[24-«]indazol-7(^^ 
one; 

6-methyl-9a-propyl-8,9,9a,10-tetrahydroindeno[2,l-e]inda2ol-7(3fl)-one; 

6-bromo-9a-propyl-8,9,9a,10-tetrahydroindeno[2,l-e]inda2ol-7(3/0-one; 
5 6-cyano-9a-propyl-8,9,9a,10-tetrahydroincleno[2,l-e]indazol-7(3/0-one; 

6-methyl-9a-propyl-8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3fl)-oneoxime; 

9a-butyI-8,9,9a,10-tetrahydroindeno[2.1-e]indazol-7(3/?)-one; 

6-bromo-9a-butyl-8,9,9a, 10-tetrahydroindeno[2, l-e]indazol-7(3i0-one; 

9a-butyl-6-trifluoromethyl-8,9,9aa0-tetrahydroindeno[2a-e]mdazol-7(3/0-one; 
10 9a-butyl-6-inethyl-8.9,9a,10-tetrahydroindeno[2.1-e]indazol-7(3fl)-one; 

9a-butyl-6-ethyl-8,9,9a,10-tetrahydj:oindeno[2,l-e]indazol-7(3f0-one; 

9a-(33-dimethylbutyl)-6-methyl-8,9,9aa0-tetrahydroindenot24-g]mdazol-7^^^ 

9a-butyl-6-ethyl^fluoro-8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3fl)-one; 

6-acetyl-9a-butyl-4-fluoro-8,9,9a,10-tetrahydroindeno[2,l-e]inda2ol-7(3fl>one; 
15 9a-butyl-4-fluoro-6-methyl-8,9,9a,10-tetrahydroindeno[2,l-e]indazoI-7(3/0-one; 

6-bromo-9a-butyl-4-fluoro-8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3/0H5ne; 

9a-butyl-6-cyano-4-fluoro-8,9,9a,10-tetrahydroindeno[2,l-e]indazol-7(3/0-one; 

9a-butyl-4-fluoro-6-trmuoromethyl-8,9,9a,10-tetrahydroindeno[2,l-€]indazol-7(3fl)- 
one; 

20 6-melhyl-3,94041-tetrahydro-8,10a-methanoazuleno[2,l-e]indazol-7(8^r)-one; 

6-ethyl-3,9J041-tetrahydro-8,10a-methanoazuleaio[2,l-e]indazol-7(8^0-one; 

9a-«thyl-6-methyl-8,9,9a,10-tefiahydrofluoreno[l^-d]imidazol-7(3fl)-one; 

6-bromo-9a-e%I-8,9,9a,10-tetrahydtofluoreno[l,2-d]imidazol-7(3i?)-one; 

6,9a-diethyl-4-fluoro-8,9,9a,10-tetrahydrofluoreno[l,2-<fliniidazol-7(3fl)-one; 
25 9a-butyl-6-ethyl-4-fluoro-8,9,9a,10-tetrahydrofluoreno[l,2-^imidazol-7(3fl)-one; 

9a-ethyl-8,9,9a,10-tetrahydrofluoreno[l,2-£ri[l,2,3]triazol-7(3i?)-one; 

9a-^thyl-6-methyl-8,9,9a40-tetrahydrofluoreno[l,2-£q[l,2,3]triazol-7(3/0-one; 

6-aUyl-9a-ethyl-8,9,9a,10-tetrahydrofluo^eno[l,2-d][l,2,3]triazol-7(3/^)-one; 

9a-ethyl-6-propyl-8,9,9a, 10-tetrahydrofluoreno[l ,2-^i][l ,2,3]triazol-7(3i^)-one; 

30 9a-^yl-6-trifluoromethyl-8,9,9a,10-tetrahydrofluoreno[l,2^[l,2,3]triazol-7(3fl)- 
one; 

6-bromo-9a-ethyl-8,9,9a,10-tetrahydrofluoieno[l^-d][l,2,3]triazol-7(3fl)-one; 
6,9a-^ethyl-8.9,9a.l0-tetrahydrofluorcno(l,2-d][l,2,3]triazol-7(3fl)-one; 
6-butyI-9a-«thyl-8,9,9a,10-tetrahydrofluoreno[l,2-d][l,2,3]triazoI-7(3fl>one; 
35 9a-ethyl-6<4-hydroxyphenyl)-8,9,9a,10-teti^ydrofluoreno[l,2-ii][l,2,3]triazol- 
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7(3fl)-one; 

6-bromo-9a-propyl-8,9,9a40-tetrahydrof]uoreno[l,2-ifl[l,2,3]triazol-7(3^-one; 
6-methyl-9a-propyl-8,9,9a404etxahydrofluoreno[l,2-ff|[l,2,3]triazol-7(3/0-one; 
9a-propyl-6-vinyl-8,9,9a, 10-tetrahydrofluoreno[ 1 ,2-d] [1 ,2,3]triazol-7(3/0-one; 
5 6-ethyl-9a-propyl-8,9,9a,10-tetrahydrofluoreno[l,2-d][l,2,3]triazol-7(3Z/)-one; 
6-aUyl-9a-propyl-8,9,9a.l0-tetrahydrofluoreno[l,2-^q[l,2,3]triazol-7(3H)-one; 
6,9a-dipropyl-8,9,9a,10-tetrahydrofluoreno[l ,2-if] [1 ,2,3]triazol-7(3/0-one; 
6-bromo-9a-butyl-8,9,9a,10-tetrahydrofluoi^o[l,2-d][l,23]Mazol-7(3ia>one; 
9a-butyl-6-methyl-8,9,9a,10-tetrahydrofluoreno[l,2-<g[1^3]triazol-7(3iH)-one; 
10 9a-butyl-6-ethyl-8,9,9a,10-tetrahyMuoieno[l,2-^[l,23]triazol-7(3^0-one; 

6-aUyl-9a-butyl-8,9,9a,10-tettahydrofluoreno[l,2-<q[l,2,3]triazol-7(3flH 
9a-butyl-6-propyl-8,9,9a40-tetrahydtofluoreno[l>d][i;2,3]triazol-7(3fl)-oiie; 

9a-butyl-6-trifluoK>methyl-8,9,9a,10-tetrahydrofluoreno[l,2-^[l,23]tri 

one; 

IS 9a-butyI-6K2-furyl)-8,9,9a,10-tetrahydrofluoreno[l,2-d][l,23]triazol-7(3/0-one; 

6,9a-diethyl-4-fluoro-8,9,9aa0-tetrahydronuoreno[l,2-<fl[l,2,3]triazol-7(3ii0-one; 

9a-butyl-^-^thyl-4-fluoro-8,9,9aa0-tetrahydrofluoreno[l,2-ii][l,2,3]triazol-7(3i50- 
one; • 

and the phannaceutically acceptable salts thereof. 

20 

6. A phannacejjtical composition comprising a compound 
according to Claim 1 and a phannaceutically acceptable carrier. 

7. A pharmaceutical composition made by combining a 
25 compound according to Claim 1 and a pharmaceutically acceptable carrier. 

8. A process for making a pharmaceutical composition 
comprising combining a compound according to Claim 1 and a pharmaceutically 
acceptable carrier. 

30 

9. A method of eliciting an estrogen recq)tor modulating effect in 
a mammal in need thereof, comprising administering to the mammal a therapeutically 
effective amount of a compound according to Claim 1. 
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10. A method of treating or preventing hot flashes in a mammal in 
need thereof by administering to the manunal a therapeutically effective amount of a 
compound according to Claim 1. 

5 
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